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PREFACE.

DURING the courfe of my attendance upon

the fever-wards of this town, I had been fre-

quently led to notice the rapid changes of

temperature which the body experiences in this

difeafe, and I felt defirous to afcertain how far

they could be reconciled to the modern doctrines

of animal heat. For this purpofe, I entered upon

a courfe of experiments, refpe&ing the chemical

ftate of the refpiration in fever, and I afterwards

determined to extend my inquiries to other Hates

of the body, either natural or morbid, in which

it might be fuppofed that this function would be

affected. As however I was aware that the fub-

ject was not altogether new, it was proper to

begin by making rnylelf acquainted with what

had been previoufly done by others, not only on

this particular topic, but refpecting refpiration in

general. It is well known, that this part of phy-

fiology has derived the mod important affiftance

from
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from the modern difcoveries in chemiftry, and

that it has alfo immediately engaged the attention

of fome of the mod diftinguimed among the phi-

lofophers of the prefent period. Their labours

have, for the mod part, been peculiarly fuccefs-

ful, and by their means we have obtained an in-

light into fome parts of the animal ceconomy,

which were before concealed in impenetrable ob-

fcurity. But the information that has been ac-

quired, ftill remains difperfed through a great va-

riety of publications, fome of which are volumi-

nous, and others not eafily to be procured ; and

in confequence of the rapid advances of chemical

knowledge, it happens in a few instances, that

the conclufions even of the molt judicious phy-

liologilis are contradicted by fubfequent experi-

ments. I conceived therefore, that my firft ob-

ject would be to collect: the beft authenticated

facts, and the molt valuable opinions that had

been advanced, and to arrange them in fuch a

manner, as to prefent a correct idea of the pre-

fent ftate of our knowledge.

The only connected view of the modern doc-

trines of refpiration, which we have in our lan-

guage, is contained in an article of the Supple-

ment to the Encyclopaedia Britannica, written by

Dr. Thomfon ; and a fedion in the fyftem of

chemiftry



Ill

chemiftry publiflied by the fame gentleman. I

have demonftrated my idea of the ability of this

author by the frequent reference which I have

made to his writings ; but the nature of the

works reftricted him within very confined limits.

It was not without a degree of furprife and re-

gret, that I perufed the account of refpiration, in

the fyftem of phyfiology which is compiled for

the ufe of the firft medical fchool now in exif-

tence, a new edition of which was publifhed in

the year 1791, under the immediate direction of

a gentleman of talents ana* information, and un-

der the patronage of a Univerfity, which ranked

among its profeflbrs the names of Monro, Black,

and Rutherford. The lectures on the animal

ceconomy, which were delivered at Edinburgh by

Mr. Allen, were indeed of fuch a nature as to

lupply every deficiency ; it is much to be la-

mented that they are now difcontinued, and ftill

more, that there is no profpect of their publica-

tion ; had that been the cafe, the following pages

would have been entirely fuperceded.

Every one who is acquainted with the nature

of phyfiological experiments upon the living

body, may eafily imagine, that as I advanced in

my propofed plan, many unforefeen difficulties

occurred, and many new fubje&s of inquiry pre-

fen ted
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fen ted themfelves, fo that the probable period at

which I may expect to have them in a (late fitted

to meet the public eye, feems fcarcely lefs re-

mote than at their commencement. Under tbefc

circum fiances, I have been induced to prefent to

the public this effay in its prefent ftate ; mould

any unforefeen accident prevent the completion

of my plan, I have fome expectation, that this

portion of it will not be without its ufe ; it may

at lean: ferve to remove fome obflacles from the

path of the future inquirer, and may have an

effect in directing the attention to one of the

mod interefting departments of natural know-

ledge.

Liverpool,

Feb. 1Ath, 1804.







INTRODUCTION.

ALL animals, however different in their ftruclure

and functions, appear to agree in pofFefling organs

appropriated to the purpofe of refpiration (a)

In man, quadrupeds, birds, and the amphibia,

they confift of a cavity, with the neceflary ap-

pendages, which alternately receives and emits

a portion of the air of the atmofphere. Fifh,

in confequence of the medium in which they

are immerfed, perform this function by a dif-

ferent apparatus ; they are furnithed with a paf-

fage communicating with the fauces or cefopha-

gus, and terminating in the external furfaceof the

body, through which a part of the water received

into the mouth is forcibly propelled. In this

pafTage, the branchiae, or gills, are fituated, and

the blood which circulates in their fringed extre-

B mities,

(a) Note I.



mities, is thus expofed to the action of a quantity

of air, which the water always holds in folution.

In many of the infects and lefs perfect animals, the

refpiratory organs confift merely of a number of

tubes or pores, provided with open mouths, and

which limply admit the external air to be re-

ceived into them. (a) It appears, however, that

notwithstanding the difference in the ftructure

and mechanifm of thefe parts, they are all con-

ducive to the fame operation, and anfwer the

fame general purpofes in the animal ceconomy.^

In treating upon this fubject, I fhall begin by

giving an account of the procefs of refpiration

;

I mail in the fecond ' part point out its direct ef-

fects ; in the third part, the different affections

of refpiration will be noticed, whether occafioned

by the various natural fituations in which the

body is placed, or by the effects of morbid caufes

operating upon the fyftem ; I
v
fhall conclude by

inveftigating its ufes, and by an attempt to afcer-

tain the connexion which fublifts between refpira-

tion and the other functions.

(a) Note- 2. (h) Note &

PART



PART I.

AN ACCOUNT OF THE PROCESS OF RESPIRATION.

CHAP. I

A Description of the Human Organs- of

Respiration.

THE human organs of refpiration are the lungs,

the trachea, with its various ramifications, the

pulmonary fyftem of fanguiferous veflels, and the

diaphragm. The two firft of thefe are the ap-

paratus by which the external air is conveyed and

received into the appropriate cells. The pul-

monary arteries and veins are employed in carry-

ing the blood through the lungs in fuch a man-

ner, that it may undergo the neceflary change

from the action of the air, while the laft is the

principal agent in the alternate enlargement and

contraction of the cavity of the thorax.

The trachea, is a long tube, compofed of

cartilaginous rings, connected together by elaftic

B 0. ligaments j
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ligaments ; it commences in the fauces, and

defcends into the thorax, where it divides into

two branches, which communicate with the two

divifions of the lungs. Each of thefe is fubdivi-

ded into fmaller branches, called the bronchia,

which again ramify into others ftill more minute,

until at length they terminate in what are called

the veficles, or air cells of the lungs. In man,

and the warm-blooded quadrupeds, the carti-

laginous rings are incomplete at the back part,

where they lie contiguous to the oefophagus ; this

deficiency is filled up by cellular fubftance, fur-

nifhed with mufcular fibres. Thefe fibres are

placed both longitudinally and tranfverfely, fo

that by their contraction, the trachea is* di-

minifhed, as well in its length as in its diameter.

The action of the longitudinal fibres is alfo af-

fifted by others, which pafs acrofs the intervals

between each fucceffive ring. As the bronchia

decreafe in fize, their cartilaginous rings become

lefs and lefs apparent, and at length, when they

terminate in the veficles, their ftructure is alto-

gether membranous. A number of the air cells,

with their accompanying veflels, are connected

together by cellular fubftance, and form what are

called lobules ; thefe are again united into larger

lobules, and thefe into divifions of more confi-

derable
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derable fize, which conftitute the lobes of the

lungs, (a)

The pulmonary fyftem of fanguiferous Veflels,

forms the mod important part of the refpiratory

organs, and that to which all the reft may be

confidered as fubfervient. After the blood has

completed its circulation through the body, it is

returned by the vena cava to the right lide of the

heart. From this cavity, it is propelled through

the lungs, along the branches of the pulmonary

artery, which ramify with almoft inconceivable

minutenefs over the bronchial air cells, forming

what is called the rete mirabile of Malpighi ; it is

then collected by the pulmonary veins, and re-

turned to the left auricle of the heart.

The pulmonary arteries and veins, with the

air veflels, and the accompanying lymphatics and

nerves, are all connected together by cellular fub-

ftance, and compole the lungs, two fpongy mafles

"which completely fill the thorax ; the internal fur-

face of this cavity is lined with a membrane, calle4

the pleura, which is reflected over the furface of

the lungs ; it is afcertained, that in all the dif-

ferent ftates of refpiration, the two parts of the

pleura

(a) Note 4.
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pleura are in perfect contact. (a) The diaphragm

is a ftrong, expanded, and peculiarly irritable

mufcle, which feparates the contents of the two

great cavities of the body ; in its natural ftate, it

afliimes an arched form, convex with refpect to

the thorax, but when in a ftate of contraction, its

curvature is diminifhed, and confequently the ca-

vity of the thorax becomes increafed.

(a) Note 5.

CHAP.
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CHAP. II.

A Description of the Mechanism of Respiration.

RESPIRATION confifts in the reception and

emiffion of air into, and out of the bronchial vef-

fels of the lungs, by means of the alternate enlarge-

ment and contraction of the cavity of the thorax.

When the body is in its natural pofition, and the

mufcles are relaxed, the lungs are in a ftate of ex-

piration ; but after they have continued in this

condition for only a few feconds, we are under the

neceffity of inhaling a quantity of frefti atmof-

pheric air. For this purpofe the diaphragm is

contracted, and thus rendered lefs convex towards

the thorax, by which means the capacity of the

cheft is augmented. The intercoftal mufcles are,

at the fame time, thrown into action ; and by

elevating the arch of the ribs, and thus increafing

the diftance between the fternum and the fpine,

Hill farther tend to enlarge the dimenfions of the

thorax. The diaphragm is, however, the chief

agent
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agent in producing this effect;^ .and anatomifts

arc generally agreed in fuppofing, that the ufe of

the intercoftals confifts principally in fixing the

lower ribs, fo as to prevent their being drawn down

by the action of the diaphragm, and thus obviating

the effects of its contraction.^ The contrac-

tion of this mufcle in fome degree difplaces the

vifcera which lie contiguous to it, and pufhing

them againft the parietes of the abdomen, caufes

a protrufion of the ftraight and oblique mufcles

which compofe its anterior boundary. The ca-

pacity of the thorax being augmented, and a free

paffage being left by the trachea for-the admiflion

of the air, a portion of it will neceffarily rum into

the lungs, in order to maintain an equilibrium be-

tween the external and internal preffure.fcj The

contraction of the diaphragm and intercoftals

foon ceafes, the elafticity of the cartilages of the

ribs re-acts, and the parts return to their natural

ftate ; at the fame time a degree of contraction

takes place in the mufcles of the abdomen, and

the vifcera are reftored to their former pofition ;

the thorax is thus reduced to its original capacity,

and a portion of air is confequently expelled from

the lungs, (d)

We

(a) Note 6. (p) Note 7. (c) Note

(dj Note 9.



We have now been dcfcribing what takes

place in an act of ordinary infpiration ; but this

function, though fo efiential to life that it cannot

be interrupted for the ihorteft interval, without

imminent danger, is, at the fame time, fo far un-

der the control of the will, as that, according to

inclination or neceflity, it may be exercifed in

very different degrees. When we are defirous of

making a full infpiration, befides the diaphragm

and intercoftals, we call into action the exter-

nal mufcles of the breaft, thofe of the fhoulder

and other neighbouring parts, which, by elevating

the ribs and llernum, ftill farther inereafe the ca-

pacity of the thorax. (a) When, on the contrary,

we wim to produce a full expiration, the abdomi-

nal mufcles are more ftrongly contracted, the

vifcera are thus pufhed more forcibly againfl: the

diaphragm, and its convexity towards the thorax

is increafed.

The grand object of refpiration is to effect a

change in the blood, by the operation of the at-

mofpheric air ; in order to accomplifh this end, it

is neceffary, both that afrefh fupply of air be con-

tinually offered to the blood, and alio that as large

a furface of blood as poffible be prefented to the

air.

(aJ Note 10.
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air. The fabric and mechanifm of the lungs are

adapted to produce thefe effects in the moft com-

plete degree : the very act of refpiration confifts

in perpetually changing the air of the lungs, and

the manner in which the blood of the pulmonary

artery is diftributed over the furface of the vehi-

cles, in branches of almoft inconceivable minute-

nefs, affords the beft opportunity to each particle

of blood for undergoing the action of the air.

Several phyfiologifts, and among others Dr.

Hales and Dr. Keill,^ have attempted to efti-

mate the number of the bronchial veiicles, and

the extent of the membrane lining them. The

refults differ fo much as to demonftrate the fal-

lacy of their calculations ; but they agree in con-

ceiving the membrane to be many times more

extenfive than the furface of the whole body.

(a) Keill. Tent. Med. Pliys.p. 80. Hales's Stat. Essays,

v. i. p. 241.

CHAK
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CHAP. III.

Inquiry into the Bulk of a single Inspiration,

and into the Capacity of the Thorax in its dif-

ferent States of Distension.

AFTER having obferved the manner in which

the act of refpiration is effected, it naturally be-

comes an object of attention to determine the ca-

pacity of the lungs, and the quantity of air re-

ceived and emitted by them. There are feveral

circ urn (lances which render the latter part of this

inquiry of peculiarly difficult refearch, and not-

withftandingthe labors of feveral Ikilful experimen-

ters, the object of their inveftigation has not been

fatisfactorily afcertained. Owing to a difference

in ftature, and in the peculiar conformation of the

thorax, probably alfo in the conftitution and ha-

bits of individuals, great varieties prevail in the

quantities of air refpired by different perfons

;

and in the fame perfon it is well known, that the

refpiration is materially influenced by the degree

of



of mufcular exertion, the ftate of the fiomach, the

mental imprellions, and the powers of volition

;

all, therefore, that can be effected by experiment, is

to afcertain the average quantity of air refpired in

that ftate of the body, when it is leaft under the

influence of external agents.

Many calculations were made by the older

writers, to determine the capacity of the lungs,

and the change which it experiences by refpira-

tion, but as their eftimates were founded rather

upon hypothetical reafoning than upon experi-

ment, they were for the moft part remote from

the truth. Borelli is the earlier! phyfiologift who

eltablifhed an experimental inquiry into the quan-

tity of air received by a fingle infpiration.faj Dr.

Jurin afterwards improved upon this method, and

obtained refults which appear to have been to-

lerably accurate.^ His experiments confided

jfimply in receiving the air which was expelled

from the lungs into a bladder, and by repeating

this procefs for a fufficient number of times, he

concluded, that the quantity of air employed in a

fingle act of refpiration amounts to 40 cubic

inches. No additional information feems to have

been

(a) De motu Anim. p. 2. prop. 81

.

-(h) Halleri El. Phys. lib. viii. sect. 3. 8. Hates's EssaifS

v. i. p. 243.
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been acquired from the time of Jurin until the*

publication of Dr. Goodwyns Efiay on the Con-

nexion of Life with Rtfpfratibn,/^ This author

enters fully into the difcufiion of the quctlions

refpeding the capacity of the thorax, and the

quantity of air received in a fingle infpiration,

and he initituted a number of ingenious and ela-

borate experiments for the purpofe of afcertaining

thefc points.

His work commences with an attempt to mea-

fure the quantity of air left in the lungs after a

complete expiration. Every animal, he remarks,

•immediately before death, produces a full expira-

tion, and therefore, by afcertaining the capacity of

the thorax in the dead fubject, we obtain a folu-

tion of the propofed inquiry. The diaphragm

being the only part of the cheft which remains

moveable, he endeavoured to fix it by applying a

firm comprefs about the upper part of the abdo-

men. An opening was then made into the thorax,

and the lungs, collapsing by their natural elafti-

Gity, expelled the air which they previoufly con-

tained, and thus left a cavity between the pleurae,

which he filled with water. This water he con-

ceived would- exactly meafure the fpace previoufly

occupied

(a) Note J !

.
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occupied by the air contained in the lungs, and
from the average of four different experiments, he
concluded the quantity of air left in the lungs

after a complete expiration, to be log cubic

'mchts.(a)

Dr. Goodwyn next attempted to afcertain the

quantity of air received into the lungs by a fingle

infpiration, and for this purpofe he ufed the fol-

lowing apparatus. (b) D is a veffel with two

openings, through one of which E he infpired,

while the other c was immerfed in water con-

tained in the difh G ; a quantity of water equal

to the volume of air infpired will neceffarily pafs

into the vefTel D, and from the weight of this

water, it is eafy to eftimate the bulk of the air

taken into the lungs. By taking the average of

thirty infpirations, and by ufing the neceflary pre-

cautions, the quantity appeared to be twelve

cubic inches, which when it entered the lungs,

he fuppofed would, by their higher temperature,

be expanded to fourteen cubic inches: fourteen

cubic inches therefore he eftimates to be the

quantity of air employed in an ordinary a6l of

refpiration. Having previoufly found the quan-

tity

(a) Note 12. Connexion of Life with Respiration, p. 26.

(I) Vide Fig. I.
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tity of air left in the lungs after expiration to be

109 inches, he concludes, that the difference of

capacity which the lungs experience in the alterna-

tions of refpiration, is in the proportion of 109 to

(J09+ 14) 123. (a) Thefe numbers are much left

than the quantities affigned by preceding writers,

particularly by Dr Jurin ; it will therefore be

proper to examine how far the experiments and

obfervations of Dr. Goodvvyn may be found ob-

jectionable.

The pofition, that every animal makes a com-

plete expiration before death, which forms the

bafis of his experiments, is in the main true ;

yet there is every reafon to fuppofe, that it will

require many reflriclions before it can be admit-

ted as the firft ftep in a phyfiological calculation.

Accordins; to the nature of the difeafe or accident

producing death, the ftate of the lungs mull vary

confiderably. In many inftances, the refpiration

is directly impeded by an obftacle preventing the

ingrefs and egrefs of the atmofpherical air out of

the bronchia ; in fome cafes, the air when ad-

mitted, is prevented from undergoing its appro-

priate change from the action of the blood, while

in a large clafs of difeafes, life is extinguimed by

the

(a) P. 28 se<j.



\6

(he gradual ceffation of the powers, which ena-

ble the heart to propel the blood through the

pulmonary veflels. To determine preeifely, what

is the different condition of the lungs in thefe

different circumftances, would require a long

and difficult inveftigation ; it is fufficient for the

prefent purpofe to ftate thefe differences, as it is

evident that they muff produce different effecls

upon the organs of refpiration.

The method which Dr. Goodwyn employed

to retain the form of the thorax, lies open to fome

objections. With whatever care the compfefs be

applied about the region of the diaphragm, there

is ftill rcafon to believe, that a fufficient power

might pufh it down upon the vifcera contiguous

to it, and fo caufe them to protrude into the

loins, the groin, or fome other part of the parie-

tes of the abdomen 3 to which the bandages were

not applied. Mr. Coleman farther urges againft

Dr. Goodwyn's experiments, that after a com-

plete expiration, the diaphragm is raifed as high

as the 4th or 5th rib, but that a comprefs about

the upper part of the abdomen, would be inca-

pable of retaining it in this polition, and that the

ribs themfelves will alfo defcend by the preffure

of the water admitted into the cavity of the

thorax,-
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thorax, and will confequently draw down the

whole fubftance of the diaphragm, (a)

Dr. Goodwyn appears alfo to have been mis-

taken in conceiving, that a complete collapfe of

the lungs is produced by the admiffion of water

into the cavity of the thorax, (b) A degree of

preffure will in this cafe be exercifed upon the

furface of the lungs, which will produce a mate-

rial contraction in their bulk, but it will not obli-

terate the cavities of the bronchial veficles, an

effect which muff take place before all the con-

tained air can be expelled. Both from the mape

and texture of thefe organs, and from actual ex-

periment, we know that Scarcely any degree of

external force can fo far evacuate the contents of

the lungs, as to render them Specifically heavier

than water. (c) Upon the whole we may conclude

that Dr. Goodwyn's eftimate of the capacity of

the lungs after a complete expiration is not unob-

jectionable, yet the experiments muft be confi-

dered as valuable, and as affording remits pro-

bably not very remote from the truth.

The author will be found to be lefs fortunate

C in

(a) Coleman on Iiesp. p. 89. (l>) Goodwyn, p. 24.

n) Boer, prcelect. t. v. p. 2, p. 458. Petit, Mem. Acad. 1^33.
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in his fecond fubjeft of inquiry, viz. refpe&ing

the quantity of air received by a tingle infpiration.

He remarks himfelf, that in breathing through

the tube E, the water is raifed out of the veffel

G, contrary to the power of gravity, and that a

greater effort is therefore necefTary to receive the

due quantity of air into the lungs, (a) He con-

fequently attempted to obviate this fource of in-

accuracy, but the nature of the apparatus feems

to render this impracticable. Dr. Menzies has

alfo pointed out another caufe of error in this

experiment ; when the mouth is removed from

the tube, the external air will immediately ruth

in and repel part of the water into the vefTel G,

and confequently the meafure of an infpiration

will be eftimated below the truth ; that this ac-

tually takes place Dr. Menzies found by adding

valves to the apparatus, (b)

A more important error into which Dr. Good-

wyn has fallen, confifts in the comparative efti-

mate which he forms of the capacity of the lungs

in the ordinary ftates of infpiration and expira-

tion. He calculates the quantity of air left in

them after a complete expiration to be 109 cu-

bic inches, and he fuppofes that J 4 inches are

received

(a) Goodwyn, p. 33,4. (b) Menzies on Respiration, p. 10.



39

received at each infpiration ; hence he infers, that

in the ordinary procefs of refpiration, the lungs

experience a dilatation and contraction from 123

to 109 cubic inches, fa) But it is obvious that

the author here confounds together an ordinary

and a complete expiration.

The quantity of air emitted from the lungs is,

within certain limits, under the control of the

will, fo that we are enabled by a voluntary effort

to expel a conliderable quantity of air after an

ordinary expiration. The amount of this quan-

tity has been varioufly eftimated, from 220 to 70

cubic inches ; we fhall probably be not far from

the truth in fixing it at 170 cubic inches, (bj

Yet it is certain, that after the moft powerful vo-

luntary effort of expiration, the lungs will not be

completely emptied, they will then be only re-

duced to the ffate in which Dr. Goodwyn made

his experiments, when he found them to con-

tain 10Q cubic inches.

Admitting therefore the juftice of his calcu-

lations, the inference which he draws from them

will be inadmifiible ; the difference of capacity

in the ftates of expiration and of infpiration will

C 2 be,

(a) Goodwyn, p. 3ft, 7. (h) Note 13.
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be, the quantity of air that can be expelled after

an ordinary expiration, (which I have eftimated at

170 cubic inches) added to 109, the quantity (till

remaining in the lungs, in all 279 cubic inches ;

and 279 added to 14, the meafure of a fingle in-

fpiration, equal to 293 inches ; but we fhall find

that this meafure of a fingle infpiration is not

correct. From this view of Dr. Goodwyn's work

it appears, that though his experiments were in-

genioufly contrived, and appear to have been care-

fully executed, yet that fome of his moft impor-

tant conclufions are erroneous.

A fhort time after the appearance of Dr.

Goodwyn's work, Dr. Menzies publifhed his

Eflay on Refpiration. He begins by inftituting

an inquiry into the quantity of air employed in a

lingle acl of refpiration, and alfo into the capacity

of the thorax, as Dr. Goodwyn had previoufly

done ; but he arrives at conclufions which are

materially different, and which there is every

reafon to confider as much more nearly approach-

ing the truth. He procured an allantoid capable

of containing 2400 cubic inches, which was fixed

to a tube furnifhed with two valves, (a) The

allantoid was placed at the valve c, fo as to re-

ceive

(a) Vide Fig. 2.
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ccive only the air of expiration, and he continued

breathing into it until it was completely filled.

By comparing the number of expirations with the

bulk of the allantoid, he calculated that each

confified of forncwhat more than 40 cubic in-

ches, (a) This remit he confirmed by fixing

another allantoid filled with air to the tube C, and

from obferving the number of infpirations which

this fecond allantoid afforded, he found the bulk

of each infpiration to correfpond nearly with his

previous eftimate of a fingle expiration. Not fa-

tisfied with thefe calculations, Dr. Menzies had

recourfe to experiments of a different kind. A
man was placed in a large veffel of water, warmed

nearly to the temperature of the blood, and the

degree of afcent or defcent of the water in the

upper part of the vefTel being accurately noted,

from thefe data it was eafy to form an eftimate of

the alteration in fize which the thorax undergoes

during refpiration. (h) The trials made with this

apparatus correfponded remarkably with thofe

performed by means of the allantoid, and thus

afforded a ftriking proof of their correctnefs. In

the experiments of Dr. Menzies there appears in-

deed no aflignable caufe of error, and their co-

incidence with each other, and alfo with thofe of

Jurin

(a) Menzies, p. 30. (I) p. 24—30.
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Jurin mentioned above, mud be confidered as a

powerful argument in favor of their accuracy.

In attempting to eftimate the capacity of the

lungs, Dr. Menzies adopts Dr. Goodwyn's efti-

mate of 109 cubic inches, as the mcafure of the

air left in them after a complete expiration, and

adding to this quantity 70 cubic inches, which

he found he could ftill expel after an ordinary

expiration, he fuppofes 179 inches to be the

bulk of the thorax in the ftate of ordinary expi-

ration ; to this he adds 40 cubic inches, which

gives 219 as the capacity of the lungs after an or-

dinary infpiration. (a) Thefe calculations of the

bulk of the thorax are probably below the truth,

as there is no doubt that conliderably more than

70 inches can be expelled from the lungs by em-

ploying a powerful effort of expiration.

Mr. Davy in his refearches concerning the

nitrous oxide, performed fome experiments for the

purpofe of afcertaining the capacity of the lungs

in their different ftates of diftenfton, and the

quantity of air received into them by a fjngle in-

fpiration. In order to determine this latter point,

he merely practifed refpiration in a peculiar

pneumatic

(a) Menzies p. 32.
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pneumatic apparatus, until he had acquired the

power of breathing in it without any extraordi-

nary labour or attention, in a perfectly natural

manner. From a number of trials he conceived,

that at each infpiration he took into the lungs no

more than 13 cubic inches, (a) He alfo at-

tempted to difcover the capacity of his thorax in

a ftate of complete expiration ; he proceeded to

the folution of this problem in the following

manner. He endeavoured to prove by previous

experiment, that when a quantity of hydrogene is

refpired it is neither abforbed by the blood nor in

any way altered, but is fimply mixed with the air

contained in the lungs. He accordingly infpired

a quantity of this gas, and then making a com-

plete expiration, he afcertained what quantity of

the hydrogene he had difcharged from his lungs,

and what proportion it bore to the other gafes

expelled at the fame time. From thefe data he

determined what quantity of hydrogene was ftill

retained, and fuppofing it to have been uniformly

mixed with the whole air in the lungs, he ealily

calculated the abfolute volume of air ftill remain-

ing in them. Making the due allowances for the

expanfion which it would experience from the

heat of the body, he fuppofes that the capacity

of

(a) Researches, p. 433.
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Of his lungs in a flate of complete expiration

amounts to no more than 41 cubic inches, (a)

It is difficult to reconcile thefe eftimates with

thofe of Dr. Menzies, which were apparently

deduced from accurate and well contrived expe-

riments. With refpecl: to Mr. Davy's method of

determining the bulk of a Tingle infpiration, we
may remark in general, that the quantity of air

taken into r-the lungs varies fo much at different

times, and depends in fo great a degree upon the

will, that other circumftances being the fame,

thofe experiments will ffand tl]e beft chance of

accuracy in which an average is talcen from a

confiderable number of infpirations ; in this par-

ticular the experiments of Dr. Menzies pofTefs a

decided fuperiority. There is alfo another cir-

cumftance to be noticed with refpecl: to the pe-

culiar apparatus employed by Mr. Davy, which

may be fuggefted as a probable caufe of inaccu-

racy. He informs us that he attempted to breathe

in the mercurial air-holder ip fuch a manner that

the refpiration might require no unufual effort,

and he concludes, that in this cafe the function

would be exercifed in the fame manner as in its

natural flate. But in breathing into this appa-

ratus,

(uj Researches, p. 40£.
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ratus, notwithstanding the nice adjuftment of its

parts, fome degree of refinance is to be overcome,

which does not exift in ordinary refpiration, and

therefore if the fame degree only of exertion be em-

ployed, a lefs quantity ofair will certainly be emitted

from the lungs. It would require a number of

fucceffivcrefpirations greater than appears to have

been employed by Mr. Davy, before any painful

fenfation will arife from this impediment ; unea-

finefs in the organs of refpiration is produced

more readily by an alteration in the quality than-

the quantity of air received into them.

The eftimate which Mr. Davy has formed of

the capacity of the lungs, in theftate of complete

expiration, differs fo materially from other di-

rect experiments, and is fo incompatible with the

ideas which are derived from a confideration of

the anatomical ftruclure of the thorax, that it is

impoffible to avoid fufpecling the exiftence of

fome error or fallacy in the procefs which he em-

ployed. The only conjecture which occurs to

me, in any degree likely to remove the difficulty,

is the fuppofition, that the hydrogene was not dif-

fufed uniformly through all the cavities of the

lungs ; a fuppofition which is in fome degree

countenanced by the confideration of the different

fpecific gravities of the gafes, and which derives

confirmation
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confirmation from the experiments of M. Jurine,

of Geneva. He received the air of one expira-

tion into four different veffels, and he found the

different portions of air to exhibit different che-

mical properties. According to the order in

which they had been expelled from the lungs,

they contained a greater proportion of oxygene,

and a fmaller of carbonic acid. Hence it may
be conjectured, that in the experiment of Mr.

Davy, the hydrogene which he had infpired, had

not mixed itfelf with the air contained in the

veficles, in the fame proportion as in the larger

branches of the trachea, confequently the air

npon which the experiment was made, would

contain a greater proportion of hydrogene than

the average of the whole air contained in the

lungs, and the eftimate of their capacity, taken

from the quantity of hydrogene, would be necef-

farily below the truth, (a)

The experiments which I have related of

Goodwyn, Menzies, and Davy, are the moft ac-

curate that have been performed upon the mecha-

nifm of refpiration ; it will however be proper to

notice the etlimates of fome other authors, even

though wc may find them to be lefs fatisfa&ory.

An

(a) Note U.
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An interefting account is given in the En-

cyclopedic Methoclique (a) of fome experiments

performed by M. Jurine, on the chemical change

produced upon the air by refpiration in different

conditions of the body. In the courfe of the

detail, he is led to mention the bulk of a fingle

inlpiration, which he eftimates at 20 cubic inches;

this the editor, M. Hall6, confiders as too large

a quantity ; but there is no mention made of the

reafons upon which the opinions either of M.

Jurinc, or of M. Halle are founded. Mr. Kite,

in his elTay on fubmerfion, ftates the quantity of

air received by an ordinary infpiration to be 17

cubic inches, (b) and M. Delametherie, the

learned editor of the Journal de Phyfique, re-

duces it to a much lefs quantity, (c) in neither

inftance, however, are we informed of the experi-

ments by which thefe refults were obtained. Mr.

Abernethy employed an inverted jar filled with

mercury, and by refpiring as much as poffiblc

in the ordinary manner, he expelled from the

lungs 12 cubic inches, (d).

Mr. Coleman, in the courfe of his work on

fufpended refpiration, is led to compare the capa-

city

(a) Article Medecine, t. i. p. 493, & seq. (b) p. 47.

(c) Journal de Physique, t. xlvi. p. 108.

(d) Essays, p. 142.
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city of the lungs after drowning, with their capa-

city in a ftate of health, and thus to difcover the

diminution which the cavity of the thorax experi-

ences in a ftate of complete expiration. He con-

ducted his experiments by applying a ligature

about the trachea of an animal which he had

previoufly drowned, he then detached the lungs

from the body, and prefled out all the air into

an inverted jar of water. He afterwards inflated

the lungs, and noted the quantity of air they were

capable of receiving when fully diftended ; thefe

two quantities he compared together (a). The

refults of his experiments were very different

from what might previoufly have been expected ;

the lungs of a cat, which when inflated were

capable of holding 16 drachms of air, after

drowning, were found to contain only half a

drachm ; and in a dog, which he killed by hang-

ing, the proportions were ftill more extraordi-

nary, nearly as forty-three to one. We have no

reafon to doubt either the faithfulnefs with which

thefe experiments are related, or the accuracy

with which they were performed, yet, as the

Jungs always exactly fill the cavity of the] thorax,

they cannot be reduced in capacity without a

proportionable reduction in the fize of the cavity

containing

(a) p. Ql. & seq.
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containing them, and it feems almoft inconceiv-

able, that lb enormous a difference could take

place in the capacity of the thorax of the fame

animal, (a) We may therefore conjecture that

there exifts a fource of fallacy arifing from the

nature of Mr. Coleman's experiments. I fhall

point out fome circumftances which may, in part

at lean:, remove the difficulty.

When an animal is killed by interrupting the

paffage of the air into the bronchial veffels, what-

ever may be confidered as the immediate caufc of

death, it is found, that a confiderable portion of

the air which is left in the lungs is converted into

carbonic acid gas. According to the plan upon

which Mr. Coleman conducted his experiments,

a part, at leaft, of this gas muft neceffarily have

been abforbed by the water through which it was

received, and upon which it was lodged ; confe-

quently his eftimate of the quantity of air left in

the lungs w ill be lefs than the truth. This ab-

forption of carbonic acid gas may tend in fome

degree to reconcile the apparent contradiction in

Mr. Coleman's experiments, but the circumftance

which I fhall next point out is more extenfive in

its operation, and will have a much more impor-

tant effect upon our reafonings.

When

(a) Note 15.
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When an animal is in the act of drowning*,

the fenfe of fuffocation which is experienced pro-

duces a violent effort to expire. All the mufclcs

which can conduce to this effect are brought into

ftrong action, and contracted to the utmoft, in

order to expel from the lungs as large a quantity

as poffible of the air which is contained in them.

Thefe mufcles, however, becoming exhaufied by

their efforts, are quickly relaxed, and the thorax

returns nearly to its natural dimenfions. In con-

fequence of the lituation in which the animal is

placed, the external air has no accefs to the lungs,

and on this account the air which remains in

them becomes confiderably rarefied. Owing to

this circumftance, a portion of the mucous fluid

which lines the membrane of the veficles is con-

verted into an aqueous gas, which is mixed with

the rarefied air, and fills the cavities of the

lungs (a) The uneafinefs of the animal continues

to encreafe, and after a fhort time, a fecond vi*

olent effort to expire enfues, and a part of this

rarefied air, together with fome of the aqueous

vapour, is forced out. This procefs is repeated

until a large proportion of the air originally con-

tained in the lungs is excluded from them, and

the powers of the animal being completely ex-

haufted,

(9) Note 3 6.
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haufted, the refpiratory organs ceafe to acl:. It

is obvious on the firft view of the fubjecl, that

in the method of experimenting employed by

Mr. Coleman, all the aqueous vapour was en-

tirely difregarded in his eftimate of the contents

of the lungs. When they were removed from

the thorax and expofed to the prefllire of the

atmofphere, the greateft part of this vapour would

be immediately condenfed, and any portion of it

which ftill retained its elaftic form, would be

totally deftroyed in its paffage through the water

contained in the inverted jar (a). It may be far-

ther remarked, that owing to the circular fhape

of the bronchia and veiicles, and more efpeci-

ally to the cartilaginous texture of the former,

it is impoffible by mere preffure to expel all the

air which they contain. When they have once

been rendered pervious by infpiration, no degree

of compreflion can render them fpecifically hea-

vier than water ; it is even doubtful whether this

effect can be produced by placing them in the

vacuum of the air pump : (b) but it does not ap-

pear that thefe precautions were employed in the

experiments now under confederation.

From the circumftances which I have pointed

(a) Note 17.
l

) Petit Mem. Acad. 1733, Boer Prcelect. t. v. p. 458.
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below the truth the capacity of the lungs in their

Hate of complete expiration, and there is reafon

to apprehend, that in determining their capacity

in the ordinary condition of infpiration, he has

fallen into the oppofite error. In order to afcer-

tain this point, he detached the lungs from the

body, and after diftending them with air, mea-

fured their contents by preffing it, as in the for-

mer experiment, into a graduated vefTel filled

with water. From the ftructure of the lungs, and

the elafticity of their fubftance, it is not impro-

bable that when they were in this manner fully

diftended, they would be Hretched to a fize be-

yond what they occupied while contained in the

cavity of the thorax, (a)

Thefe remarks upon the method by which the

procefs of refpiration is effected, will mew, that

though phyfiologifts are agreed as to the mecha-

nifm by which the air is received into and fent

out of the lungs, yet that with refpe& to their

relative capacity in the different ftates of refpira^

tion, their opinions and experiments are much at

Variance.

Before we can arrive at a perfect knowledge

of

(a) Boer, Instil. % Blurtenbach Instit. Phys. p. IT.
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©f this part of the fubjecl, it will be neceffary to

afcertain precifely the 5 following points. 1ft.

The quantity of air received into and fent out

of the lungs in an ordinary act of refpiration.

2d. The proportion which this bears to the quan-

tity of air contained in the thorax after an ordi-

nary expiration, which may be confidered as the

natural condition of the thorax. 3d. The quan-

tity of air which can be ftill expelled after an

ordinary expiration ; and 4th. The proportion

which this bears to the air ftill left in the lungs,

which will meafure their ftate of complete expi-

ration. Laftly. The quantity of air which can

be taken into the lungs by the greateft effort of

infpiration.

The firft of thefe points is, I apprehend, as-

certained by the experiments of Dr. Menzies.

Though the calculations of other phyfiologifts are

confiderably different, yet, there feems no obvious

fource of inaccuracy in the proceffes which he

employed, and the coincidence of the different

experiments with each other is certainly too re-

markable to be merely the effect of accident.

Refpiration is an act fo much influenced by ex-
ternal caufes, that we can never expect to attain

any certainty as to the quantity of air ordinarily

D received
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received into the lungs, without taking the are-

rage of a confiderable number of infpirations.

By means of the allantoid, Dr. Menzies was en-

abled to compare together 56; in this refpeel

alone his experiments poflTefs a decided fuperiority

over thofe of any other phyfiologift. The coin-

cidence which took place between the refults of

his experiments performed with the allantoid, and

thofe in which a man was placed in a veflel of

warm water, convey to the mind an almoft irre-

fiftible conviction of their truth. We may there-

fore conclude, with refpect to the firft of thefe

points, that 40 cubic inches is the quantity of air

employed in an ordinary act of refpiration. (a)

The proportion which an ordinary expiration

bears to the quantity of air flill left in the lungs

has been varioufly eftimated. The calculations

of the older writers upon this fubject feem to

have been very incorrect. It appears that in per-

forming their experiments they removed the lungs

from the thorax, and then obferved what quan-

tity of air they were able to force into them, in

order to their complete diftention ; but the un-

certainty of this mode of proceeding is fufficiently

obvious. Dr. Menzies eftimated the medium

capacity

(a) Note 18.
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capacity of the lungs in a ftate of ordinary expi-

ration at 179 cubic inches ; I have already ftated

the reafons which induce me to confider this

quantity as under-rated, and to conceive that the

lungs in their natural condition contain about

280 cubic inches of air.

The experiments and obfervations which have

been made to determine the quantity of air left

in the lungs after a complete expiration, have

been pretty fully detailed, and it appears, that

notwithstanding the ingenuity and labour which

have been exercifed upon this point, it muft ftill

be confidered as undetermined. Upon the whole,

Dr. Goodvvyn's eftimate of 100 cubic inches is

the neareft approximation to the truth; though,

probably, not altogether correct.

From the above data it may be eftirriated, that

by each ordinary expiration T part of the whole

contents of the lungs is difcharged, and that by

the moft violent expiration, fomewhat more than y

of the air contained in them is evacuated* Sup-

poling that each refpiration occupies about 3 fe-

conds, (a) a bulk of air nearly equal to three

times the whole contents of the lungs will be

D 2 expelled

faj Halhr, viii, 4, 29. Thomson's Chemistry* v. iv. p. 485,
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expelled in a minute, or about 4114 times their

bulk in 24 hours. The quantity of air refpired

during the diurnal period, will be 1152000 cubic

inches, or 666| cubic feet.

CHAP.
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CHAP. IV.

Inquiry into the cause of the first Inspiration,

and of the Alternation of Inspiration and Ex-

piration*

IN viviparous animals refpiration commences

immediately after birth, when the circulation

which had been previoully carried on between the

mother and the foetus is interrupted, (a) The

manner in which the commencement of this im-

portant action is effected, and the change which

is then produced in the animal conftitution, fo

as to render this function abfolutely neceflary for

the continuance of exiftence, have been fre-

quently made the fubject of investigation. The

latter of thefe inquiries is the foundation of

the celebrated problem which was propofed by

Harvey for the confideration of his contemporaries.

" Quomodo nempe embryo/* he alks, " poft

" feptimum menfem in utero matris perfeveret ?

<c cum

(a) Note AQ.
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" cum tamen co tempore exclufus ftatim refpiret

$

" imo vero fine refpiratione ne horulam quidem
" fuperefie poffit ; in utero autem manens ultra

<c nonum menfem, abfque refpirationis admini-

" culo, vivus at fanus degat" (a) This quef-

tion may be ftated ftill more generally ; why is

the animal which has once refpired, under the

neceffity of continuing the refpiration without

intermiffion ; when, if the air had never been

received into the lungs, the fame animal might

have remained for fome time without exercifing

this function ?

Several of the older phyfiologifts propofed an-

fwers to this queftion, but they were founded

either upon theories which are now univerfally

difcarded, or upon miftaken notions refpecting

the ufe of refpiration. Dr. Whytt's hypothefis

is the firft which I Ihall notice ; it is not indeed

free from objections, but it deferves attention on

account of the reputation which it long main-

tained in fome of the mod diftinguiftied fchools

of medicine.

This author commences his inquiry into the

caufe of the firft infpiration by remarking, that

before

(a) flarveii Exerc, de gen. anim. p. 36l. Haller, viii. 5, I.
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before birth, the blood of the mother is properly

prepared for the ufe of the foetus, but that when

the communication between them is interrupted,

it becomes necefTary for the young animal to per-

form the requifite alteration in its fluids, by means

of its own refpiration. As the uneafy fenfations

of hunger and thirft excite in us a defire of food,

when it is wanted for the nourifhment of the

body, fo immediately after birth, from the want

of frefh air in the lungs, there arifes an uneafy

lenfation about the thorax, which may be confi-

dered as the appetite for breathing. This appe-

tite he confiders as natural to the newly born

animal, and the expanfion of the cavity of the

thorax is effected by the fentient, active principle,

in order to prevent the fatal confequence which

would enfue from the deficiency of air in the

lungs. Dr. Whytt proceeds to obferve, that this

appetite for air commences only at birth, becaufe,

in confequence of the ftruggles of the foetus at

this period, its circulation will be confiderably

quickened, and the lungs will receive a larger

fhare of blood than previoufly pafled through

them ; this ftimulates them into action, and feems

to be the immediate caufe of the appetite for

breathing. He farther urges, that the circum-

ftance of the animal being now immerfed in a

medium which is proper for refpiration, and

having
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having the air applied to the face, mouth, and

noftrils, may caufe it to attempt this new action

of the thorax. Upon the whole he confiders

breathing " as owing to a peculiar fenfation of
<f the body, which determines the mind or fenti-

c< ent principle to put certain mufcles or organs

" in motion."

With refpe6t to the problem prbpofed by

Harvey, which was mentioned above, he obferves

it " to be of fo very eafy folution, that it is not

" a little furprizing, that many phyfiological

" writers fhould have attempted it in vain."

When the foetus has once breathed, he remarks,

that the blood which formerly pafled through the

foramen ovale & ductus arteriofus, now paffes

through the veflels of the inflated lungs, and will

ever after continue to flow through them. If,

therefore, the refpiration be difcontinued, the

blood will ftagnate in thefe veffels, and the ani-

mal will be fuffocated^ becaufe, according to his

hypothefis, the alternate motion of the lungs in

refpiration, is abfolutely neceflary to carry on the

circulation of the blood through them, (a)

Haller conceives that the foetus, having before

birth been in the habit of fwallowing a portion

of

(a) On Vital Motions, Sect. Q,
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of the fluid in which it is immerfcd, after it

leaves the uterus, continues to open its mouth for

the reception of nutriment, when a portion of

the air with which it is now furrounded, is ne-

ceflarily taken into the lungs. The veficlcs be-

ing thus expanded, permit the blood to pafs

through the pulmonary veffels, which was for-

merly tranfmitted by the foramen ovale and

duclus arteriofus. The lungs then acquire the

condition of thofe of other breathing animals,

and like them require a regular fupply of frefli

air to prevent the blood from flagnating in its

paflage from the right to the left fide of the

heart, fa)

The following folution of this difficulty is pro-

pofed by the celebrated author of the Zoonomia.

Dr. Darwin imagines that the power of degluti-

tion is acquired by the foetus before it leaves the

uterus, in confequence of its repeated attempts

to fwallow a part of the liquor amnii, in which

it is immerfed ; but the act of deglutition is of

fo different a nature from that of infpiration, that

he thinks this latter cannot be acquired before

birth. When the circulation is interrupted be-

tween the mother and the foetus, that difagreeablc

fenfation is experienced by the infant, which

arifes

(a) Note 20.
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ariies from the want of frefh air ; all the mufcles

of the body are put in motion to relieve this

anxiety ; and among others, thofe of the breaft,

ribs, and diaphragm. The action of thefe being

found to anfwer the defired end, " refpiration is

'* difcovered," and the fame action is ever after

repeated when the difagreeable fenfation recurs.

(a) It will be unneceffary to enter into a formal

refutation of thefe theories
; though they may be

entitled to the praife of ingenuity, they are evi-

dently built upon the aflumption of principles

which are at leaft doubtful, if nor untenable.

The queftion concerning the commencement of

refpiration is fo intimately connected with the

ideas which we entertain refpecting its ufes, that

we can fcarcely expect a complete folution of the

difficulty until we have previoufly afcertained the

purpofes which this function ferves in the animal

ceconomy. There are, however, fome peculia-

rities in the ftructure and mechanifm of the res-

piratory organs of the foetus, which it will be

proper to notice in this place.

The lungs of an animal which has never re-

fpired, are of a firm and compact: texture, and fo

condenfed, as to have a fpecific gravity greater

than that of water ;
whereas, no mechanical prcf-

fure

(a) Zoonomia, v, i. Sect. 16, 4.
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fure is found fufficient to evacuate them, fo far

as to caufe them to fink in water, after they have

been once inflated, fa) In this ftate the pulmo-

nary arteries and veins receive only ^ part of the

quantity of blood which circulates through them,

after they have been diftended by the act of in-

fpiration. (b) The cavities of the bronchia and

air veficles are nearly obliterated, and that part

of them which remains pervious, is filled with a

peculiar mucous fluid, (c) As the lungs are in

all cafes contiguous to the parities of the thorax,

it is obvious, that the fize of the cavity containing

them, while in this condenfed ltate, muft be pro-

portionably contracted. Accordingly we find

that the arch of the ribs is deprefled, by which

means the fternum is made to approach nearer to

the fpine, the diaphragm is pufhed up into the

higher part of the cheft, and its concavity towards

the abdomen is confiderably greater than it is

ever found to be in an animal which has once

refpired. fdj

The fpace occupied by the lungs themfelves

is {till farther diminimed by the great fize of the

heart in the fcetus, and by the interpofition of the

thymus

(a) Boer.prcelect. t. v. Pars 2a. p. 457. Petit, Mem. Acad.

1/33. (I) Haller in Boer. Prcel. t. ii. p. \ J2. (c) Petit,

{/.li'supra. (d) Ser.ac, Mem. Mad. 1724.
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thymus between the laminae of the mediaftinum.

(a) This contracted ftate of the thorax is in part

alfo produced by the pofture of the foetus before

birth ; the head is bent forwards, fo that the chin

refts upon the breaft, the fpine is arched, and

the knees are raifed up to meet the face.^

The abdominal vifcera are therefore pufhed

ftrongly againft the diaphragm, and fo far in-

creafe its curvature, that a confiderable portion

of them is forced into the region of the thorax:

the liver, which in the foetus is unufually bulky,

(c) is entirely concealed by the ribs. As foon

however as the animal leaves the uterus, its

pofition is changed, the limbs and the trunk are

ftraightened, and the preflure confequently re-

moved from the thorax and abdomen ; the elafti-

city of the cartilages of the ribs being at liberty

to act, raifes the arch of the thorax, and thus

encreafes the diftance between the fternum and

the fpine ; the liver and the reft of the abdominal

vifcera fall down into their proper fituation, and

permit the diaphragm to defcend and afTume the

curvature which is natural to it after birth.

.

-
: i*&'tyj\ib. -ov' While

(a) Haller, xxix. 4. 33. do. in Boer. Pra>l t. v. Pars 2a,

p. 45g.

(I) Harveii Exer. de gener. anim.p. 353. Denmaiis MM'

wifery, v. i. p. 203.

(c) Haller, ubi supra.
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While thefe changes are going forward in the re-

lative pofition of the contents of the thorax and

abdomen, the increafed fize of the former cavity

caufes the air to rufh through the open mouth of

the animal into the bronchial veficles ; whence

the blood, meeting with lefs refiftance to its paf-

fage through the vefTels of the lungs, than through

the foramen ovale is propelled along the pul-

monary artery. The refpiratory organs are then

in their natural condition, or in the ftate of mo-

derate expiration, and the neceffity for an infpi-

ration depends upon the fame caufe, which ren-

ders the alternation of expiration and infpiration

efTential to the future exiftence of the animal.

It appears therefore that the firft degree of

expanfion which is produced in the lungs of the

foetus, is not effected by mufcular contraction,

but depends merely upon the removal of exter-

nal preflure, which permits the different parts of

the thorax and abdomen to afTurne their natural

pofition ; the confequence of this new lituation

of the vifcera is an encreafe of the capacity of

the cheft, and this fpace is immediately filled with

a portion of the furrounding air. Any farther

encreafe of the lize of the thorax mult be ef-

fected by the contraction of the diaphragm and

intercoftais
; perhaps in ftrict propriety this muf-

cular
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cular contraction ought to be confidered as the

firft beginning of the action of refpiration.

Nearly allied to this inveftigation concerning

the commencement of refpiration, is a queftion

which has alfo been the fubjecl: of much difcuf-

fion among phyfiologifts, viz. what is the imme-

diate caufe of the fucceflive alternations of in-

fpiration and expiration ?

The folutions which have been attempted of this

queftion, have been no lefs numerous than thofe

refpecl-ing the caufe of the lirft infpiration, but

as the fubjecl: is in itfelf perhaps more obfcure^

fo we mall find the explanations which have

been advanced, ftill lefs fatisfaclory. I fhall men-

tion the opinions of Haller and Whytt, which

are the leaft exceptionable, and are ftill received

by many refpeclable phyfiologifts.

Haller, proceeding upon the fuppofition that

in expiration the paffage of the blood through

the lungs is impeded, obferves, that a preflure

upon the brain, and a reflux of the blood through

the veins, will be produced from this circum-

ftance. Hence arifes a neceflity for encreafing

the capacity of the thorax, in order to remove the

compreffion of the pulmonary veffels, and in

confequenec
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confequence of a painful lcnfe of anxiety or

fufFocation, proceeding from a partial ftagnation

of the blood, the will calls into action the muf-

cles of infpiration, which remove the impediment

to the tranfmiffion of blood through the lungs,

and confequently the painful feeling which was

caufed by the obftruction. The fame uneafy

lenfations are however produced by infpiration,

when protracted beyond a certain period ; the

mufcles therefore, which were acting to enlarge

the thorax, ceafe to contract, their relaxation is

followed by a ftate of expiration, which conti-

nues until the refiftance to the paflage of the

blood recurs, and brings back the confequences

ftated above. Haller confiders the action of the

mufcles of refpiration as altogether voluntary, (a)

Dr. Whytt offered an explanation in many

refpects limilar to that propofed by Haller. He
conceives, that the paflage of the blood through

the pulmonary veflels, is impeded by expiration,

and that a fenfe of anxiety is produced from

this caufe ; this unpleafant feeling acts as a fli-

mulus upon the nerves of the lungs, and excites

the energy of the fentient principle, which by

eaunng a contraction of the diaphragm, enlarges

the

(a) El. Phys. viii. 4. 18, 27, 28. Not. ad Boer. Prcelect.

t. v. p. 120.
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the thorax, affords a free paflage to the blood,
and thus removes the uneafy fenfation ; when the
ftimulus no longer exifting, the mufcles eeafe

to ad. (a)

The queftion under confideration embracea

two diftinct fubjects of inquiry ; we have in the

firft place to afcertain the caufe of the neceflity

for the admiffion of frefh air into the lungs, and

fecondly, we have to inveftigate the connexion

which fubfifts between this caufe and the con-

traction of the diaphragm. The firft of thefe

is fo intimately connected with the opinions

which we may adopt refpecling the ufe of refpi-

ration, that the farther examination of it muft

be necefTarily poftponed to a fubfequent part of

the eflay. I mail therefore conclude this chap-

ter, with a few obfervations upon the latter part

of the inquiry, viz. the nature of the connexion

which fubfifts between the peculiar ftate of the

lungs produced by an interruption to the refpira-

tion, and the contraction of the diaphragm.

As the alternate motion of the thorax: in

refpiration, proceeds without interruption in all

the different conditions of the body, it is impro-

per, in attempting to aflign a caufe for it, to

have

faj Wh-ijlt on Vital Motions, sect. 8.
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have recourfe to any effects which are produced

only in extraordinary circumflances ; \vc cannot

therefore eftablilh our hypothcfis, upon a (late of

the lungs which takes place only in long conti-

nued or laborious refpiration. On this account

the fir ft pofition in the hypothefes of Haller and

Whytt is inadmiffible, fince it fuppofes the ex-

igence of a peculiar Hate of the pulmonary cir-

culation, which does not appear to take place,

unlefs where the mufcles of refpiration have been

acting m the mod violent manner. It may be

doubted, whether in ordinary cafes an unealy

feeling of fuffocation actually occurs, as we are

only fenfible of this effect, when the lungs are

compreffed or diftended in an unufual degree,

or when the air has been too long retained in

them without alteration. Admitting however the

e:\iftence of this unealy feeling, and affuming

it as the efficient caufe of the fucceeding enlarge-

ment of the thorax, we lhall hereafter endeavour

Lo aflign a more probable caufe for it than the

tlagnation of the blood in the lungs.

One of the properties which, in an efpecial

manner, diftinguifhes the living body from every

Dthcr kind of matter, is its irritability, or the

power which certain parts of it pofTefs of contract-

ing thcmfelves under peculiar circumflances.

E This
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This power refides in the mufcular fibres, and is

never exerted unlefs when called into action by the

application of a ftimulus. Stimuli are external or

internal ; under the firft denomination are com-

prehended a great variety of bodies which have

fcarcely any property in common, except their

effect: upon the mufcular fibre. The internal

ftimuli confift of affections originating in the

nervous fyftem, of the paffions and emotions of

the mind, and in a remarkable manner of the

exertions of volition. The motions which refult

from thefe contractions have been varioufly ar-

ranged, either according to the caufe producing

them, or to the purpofes which they ferve in

the animal ceconomy. One of the moft com-

mon, and at the fame time, one of the mod im-

portant divifions, is into voluntary and involun-

tary motions, an arrangement obvioufly founded

upon the fhare which the will has in their pro-

duction. There are a very conliderable number

of animal motions, which are intermediate be-

tween the two extremes ; thefe are to a certain

extent produced by the application of external

ftimuli, and confequently independent of voli-

tion ; yet within certain limits we have it in our

power to encreafe or reftrain them. Animal mo-

tions which are produced by external ftimuli, are

diftinguifhed from each other, according to the

manner
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manner in which the ftimulus is applied ;
in ge-

neral the motion is excited in the part upon

which the ftimulus immediately acts, while in

other inftanccs, the ftimulus is applied to a part

which has little apparent connexion with that in

which the motion is ultimately produced. Al-

moit all the voluntary actions are of this complex

defcription, and Tome of thofe alfo which are

produced by the agency of external ftimuli.

There is a clafs of motions of very peculiar

importance in the animal ceconomy, which have

obtained the name of inftinctive actions ; they

fcem to originate primarily from the operation

of external ftimuli, but the effect is generally

produced in a part different from that to which

the ftimulus was applied. In the firft inftance

they appear to be totally independent of voli-

tion, though, after they have fubfifted for fome

time, the will acquires the power of modify-

ing their extent and duration. The procefs of

deglutition, the motion of the eye lids, and the

evacuation of the inteftinal canal, may be adduced

as inftances of this fpecies of animal action.

Here, the animal immediately after birth, pro-

duces an effect depending upon the co-operation

of a complicated fyftem of mufcular contractions ;

the efficient caufe, appears to be a ftimulating

E 2 body
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body applied to a part often remotely conneclcd

with the mufcles which are excited into action,

where the animal, muft of neceffity, be entirely

ignorant of the prppofed effects, and perhaps

fcarcely confeious of their exiftence. (a)

To apply thefe obfervations to the action of

the thorax : it appears, that when the blood has

remained for fome time in the pulmonary veffels,

without the accefs of frefh air, it undergoes a

change, either in its compofition or its diftribu-

tion, which caufes it to act as a flimulus to the

diaphragm, and excites this mufcle to contract.

The connexion between this change in the fiate

of the blood, and the contraction of the dia-

phragm, we are unable to explain, and we can

only recognize it from its effects ; whether it be

produced by an alteration in the chemical pro-

perties of the blood, or whether it depend upon

an accumulation or deficiency of it in any part of

the thorax, whether the action be directly upon

the diaphragm or its nerves, or whether it be

brought about by the intervention of any neigh-

bouring organ, are queftions which the prefent

liate of our knowledge will not permit us to an-

fwer. But in whatever manner the contraction

of

(a) Note 21.
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of the diaphragm be produced, the confequcnt

enlargement of the thorax admits the accefs of

air into the pulmonary vcficlcs ; the blood is

thus enabled to undergo the neccfiary change,

and the Hate which caufed the contraction of the

diaphragm no longer exifling, this mufcle be-

comes relaxed, and expiration enfues. If the

juftice of thefe remarks be admitted, we may di-

vide refpiration into three diftincl fpecies, each of

which originates from a different principle of

action. What has been juft defcribed, which

may be confidered as the ordinary procefs of re-

fpiration, is the firft fpecics ; in this the effect

leans to depend upon the action of a ftimulus

applied to an irritable part- When, however,

from any accidental or morbid caufe, the regular

train of actions is interrupted or impeded, fo as

to prevent the blood from undergoing the necef-

fary change in its compofition, an uneafy fenfa-

tion arifes, and we are urged by an inftinctive

feeling to encreafe the contraction of the inter-

coftals and diaphragm, and to employ the ex-

ternal mufcles of the thorax. Thefe motions,

which produce the fecond fpecies of refpiration,

muft however, be ftill confidered as independent

of volition, becaufe they take place to the fulleft

extent in thofe cafes where we cannot fuppofe the

powers of the will to be exercifed either directly,

or
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or by the intervention of aflbciation. As how-

ever we gradually advance in life, we acquire a

degree of voluntary power over the mufcles

which are fubfervient to refpiration, and can fo

far counteract the irritative, or inftinctive mo-

tions, as very confiderably to accelerate or retard

their action. In this manner is produced the

third fpecies of refpiration, or that which depends

upon the exercife of volition, (a)

(a) Note 22.

PART



PART II

THE DIRECT EFFECTS OF RESPIRATION.

THE direct ejects of respiration may Ie conveniently arranged

tinder three divisions; the mechanical ejects produced ly

the dilatation and contraction of the thorax ; the change

produced in the inspired air ; and the alteration which the

Hood experiences during its passage through the capillaries

ef the lungs.

CHAP. I.

The Mechanical Effects produced by the Dilata-

tion and Contraction of the Thorax,

THE proccfs by which the cavity of the thorax

is alternately dilated and contracted, and a por-

tion of the air of the atmofphere received into

and emitted from the bronchial veffels of the

lungs, has been already defcribed. I propofe in

the prefent chapter to examine what effects will

be prod need upon the contiguous parts, by the

perpetual change of bulk which the thorax ex-

periences. The older phyfiologifts, whofe know-

ledge refpecYing the function of refpiration, was

for
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for themoft part, very limited, and who were en-

tirely ignorant of the nature of the chemical

changes produced upon the air and the blood,

were led to direcl their attention more particu-

larly to its mechanical effects. The queftion,

whether the blood was tranfmitted through the

lungs with more cafe during the ftate of infpira-

tion or of expiration, was minutely difcuffed, and

a number of experiments were performed to de-

cide upon this point ; but they will be found to

apply rather to what takes place in extreme cafes,

than to the ordinary procefs of refpiration. When
attempts have been made to refolve this queftion

by a direcl; experiment upon a living animal, the

lofs of blood, the pain which was neccffarily in-

flicted, and more particularly the agitation into

which the organs of refpiration were thrown,

render the refults of comparatively little value,

fo far as they relate to the ordinary action of the

thorax; though we certainly learn from them, that

the blood is tranfmitted through the lungs with

more facility in the extreme flates of infpiration

than of expiration. In an experiment performed

by Dr. Hales, where a tube was inferted into the

crural artery of a horfe, the blood was evidently

propelled to a greater height when the animal

fighed deeply, which muft be attributed to the

cncreafed capacity of the lungs, permitting the

blood
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blood to pafs more freely through the pulmonary

veffels. faj But though from this experiment,

and others of a fimiFar nature related by Haller,

it feems proved, that in thefe extraordinary cafes,

the pafiage of the blood through the lungs is af-

fected by their (late of diftention, we mud not

conclude that this effect is produced in the ufual

alternations of refpiration. There are indeed

iftrong reafons in fupport of the contrary opinion.

In the healthy ftate of the body we refpire about

twenty times in a minute, while the average velo-

city of the pulfe is about eighty, fo that the

heart contracts four times during one act of refpi-

ration, (b) and confequently it muft receive its

fupply of blood from the lungs in all the different

conditions of diftention to which they are fubject:,

yet we do not find that the pulfe is affected, either

with refpect to its ftrength or its velocity, fcj It

is difficult to produce any effect upon the pulfe

by the moil powerful voluntary efforts of infpira-

tion or of expiration, yet in thefe cafes, the cavity

of the thorax certainly undergoes a much greater

change in its dimenflons, than that which it expe-

riences in its ordinary action.

The contrary doctrine was however, main-

tained

Ca) Statical Essays, v. ii. p. 6. (I) Haller, viii. 4 20.

Boer. Prcel. t. v. p. 128. (c) Note 23.
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tained by Haller ; he suppofes, that during ex-

piration, the bronchia are, to a certain degree,

plaited or folded up, but that when the kings

are inflated, thefe folds are opened, and the

blood veffels rendered more eafily permeable, (a)

This opinion, which was generally adopted by

Haller's contemporaries, (b) and by many of them

exaggerated in a moft extravagant degree, (c)

feems to have arifen from the following circum-

fiances. 1 . They greatly over-rated the change

of bulk which the thorax experiences in the

different ftages of refpiration. If we average the

contents of the thorax at 280 cubic inches, and

the bulk of a Angle infpiration at 40, we shall

have its cavity encreafed or diminifhed by f part

only ; whereas the older phynologifts conceived,

that by every acl of infpiration, the cavity of

the chefr. was doubled, quadrupled, or increafed

in even a ftill greater proportion, (d) 2. In the

experiments and obfervations which were made

upon the dead body, they confidered only the

effects which are produced by a complete evacua-

tion of the lungs, and then applied thefe to ex-

plain the effects of ordinary refpiration. (e) 3.

Haller and his friends appear to have been milled

by

(a) El. Phys. vi. 4. 10; viii. 4. 11; viii. 5. 21. £5?

alili ; notce ad Boer. Prcelect. t. u.p. 1/(5. (I) Note 24.

(c) Bell's Anatomy, v. ii. p. 188. & seq. (d) Haller, viii,

4. 11. (e) Note 25.
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by the experiments which they performed upon

living animals ; they perceived that the tranf-

miffion of blood through the lungs was influenced

by their different Hates of diftention, but they

neglected to make the due allowance for the

unnatural fituations in which the fubjecls of thefe

experiments mufi necefTarily have been placed.

Dr. Goodwyn, in order to controvert this opinion

refpecling the ftate of the lungs after expiration,

produced an artificial hydrothorax in dogs, by

introducing a quantity of water between the

pleurae. He found in feveral inftances, when he

had filled nearly f of the cavity of the thorax,

that the paffage of the blood was not apparently-

retarded, though the refpiration was rendered

laborious, (a) Upon the whole I think there is

reafon to conclude, that in the ufual act of ref-

piration/ the blood is tranfmitted through the

lungs at all times with nearly equal facility, and
that it is only in extreme cafes that the retarda-

tion defcribed by Haller can be fuppofed to take

place, (b) If any conliderable impediment had
been oppofed to the entrance of the blood into

the pulmonary vefTels during the ftate of expira-

tion, it mufl: necefTarily have produced upon the
pulfe a correfponding effea, which would have
been perceptible to the touch, (c)

'
'

:
\ t \ ^ v -This

'aJ Goodwyn, p, 45. Note 26. (b) Note 2?. (c) Note 28.
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This doctrine of the older phyfiologifts rc-

fpecting the tranfmiflion of the blood through the

lungs, gave rife to an opinion, which was almoft

univerfalJy adopted by them, that the motion of

the thorax in refpiration was an important agent

in promoting the circulation of the blood. This

hypothecs will be confidered more fully, when

we come to treat of the ufes of refpiration ; I

(ball in this place only remark, that the fame con-

federations which lead us to conclude that the

lungs are nearly alike permeable to the paflage

of the blood in all the ftages of ordinary refpi-

ration, muft prove that their motion can have

little or no effect in accelerating its progrefs

through their vefTels.

Tbe cefophagus pafles through the mufcular

portion of the diaphragm, and is fo interlaced by

the croffing of its fibres, that it fcems as if tbe

tube nmft necefiarily be comprefied by their con-

traction Y*7,) Hence it has been fuppofed, that

during infpiralion the paffage to the ftomach

will be contracted or entirely obftrucled ; but

here, as in the former cafe, it is doubtful whe-

ther this effect; be produced, except in the more

violent efforts of infpiration.

Some

(a) Hatter, viii. 1. 36. xviii. 4. O. Senae, Mem. Acad.

1729. RTitilow's Anal. Sect. 3. Ar(. 13. Belt's Anat. v \

p. ziQ.
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Some of the older ph\ fiologjfts imagined

that important eftecls would refill t from the ac-

tion of the diaphragm, upon the aorta and vena

Cava. The aorta, however, defcends into the

abdomen, between what are called the crura of

the diaphragm, and fecms to be fo well protected

by the arching of thefe mufcular appendages, as

to be altogether defended from the effecls of

comprcllion. (a) Tiierc feems ftill lefs probability

of itrangulation being produced in the vena cava,

as it not only pierces the diaphragm in its tendi-

nous part, but pavTcs through a large opening,

the edges of which are furnifhed with a peculiar

ftructure, which would feem to prevent any alter-

ation in its fhape or dimenfions. (b) Yet not-

withstanding this flructure, Haller obferved in

the courfe of his experiments, that certain posi-

tions of the diaphragm fo far compreiled the vena

cava, as to impede the paffege of the blood, (c)

But we may -conjecture that this effect was pro-

duced by the unnatural circumftances in which

the animal was placed during the experiment ; we
may alfo attribute fomcthing to the difficulty of

making accurate obfervations upon animals fuffer-

(a) Senac, & Bell, uli supra.

(b) Wimlow, Senac, & Bell, uli supra.

(c) Haller, vi. 4. 10; viii. I, 36; viii. 5. 23.
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ing extreme torture, and convulfed by the near

approach of death.

The older anatomifls afcribed very important

effects to the fucceffive compreffion and relaxa-

tion of the nerves which pafs through the dia-

phragm, or along its furface. The alternate mo-
tions of the thorax, and even of the heart itfelf,

were afcribed to this circumftance. but later

obfervations have proved that it was inadequate to

the propofed effect, and have alfo pointed out

caufes, which are more agreeable to the analogy

of the animal ceconomy. The par vagum, and

great fympathetic nerves, both pafs through the

fmaller mufcle of the diaphragm, (a) and it has

been conjectured, that by the alternate contrac-

tions and relaxations of this organ, they are

compreffed at regular intervals, and thus the

tranfmiflion of the nervous energy is interrupted,

fo as to produce the vermicular motions of the

Itomach and inteftines. I have already noticed

the hypothefis of Dr. Martine, who conceived, that

the compreffion of the phrenic nerve by the lungs,

when in a ftate of infpiration, was fufficient to

account for the fucceeding relaxation of the dia-

phragm,

(a) Haller, viii. 1. 35, & seq. Winslow's Anat. Sect.

§. 137, 400.
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phragm, and confcquent emifUon of air from the

thorax.

The alternate enlargement and contraction of

the bulk of the thorax, in confequence of the

change in the diaphragm, mull necefiarily pro-

duce a correfponding change in the polition of

all the abdominal vifcera. The agitation and

preffure which they will from this caufe experi-

ence, has been generally fuppofed to be inuru-

mental in propelling the blood along their veins ;

(a) but this effect, if it exift at all, has been

much over-rated. From the experiments of Dr.

Menzies, in which the body was immerfed in

water for the purpofe of afcertaining the quantity

of air employed in a tingle infpiration, it was

found that the increafe of bulk which the body

experiences, is exactly equal to the volume of the

air received by the lungs, (b) Hence we mud
conclude, that the cavity of the abdomen is at all

periods of the act of refpiration of an equal ca-

pacity, the encreafe of bulk which the abdomen

would acquire, in confequence of the relaxation

of its anterior mufcles, being exactly balanced by

the contraction of the diaphragm, and confe-

quently the preffure exercifed upon the vifcera,

muft

(a) Haller, via. 5. 23. (b) Menzies, p. 24, & seg.
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inu ft be altogether, or nearly limilar in all the

different conditions of the thorax. But a uni-

form preflure upon the vcflcls can have no effecl:

in accelerating the flow of the blood ; the veins

are in this cafe reduced to the ftate of rigid tubes,

and their contents can only be propelled by the

momentum which they poilefied previous to their

arrival at this part of the circulation. An cn-

creafe of preffure under thefe circumflanccs,

muft rather retard than promote the flow of the

blood.

This view of the fubject is countenanced by

the deficiency of valves in thefe vcflels, a circum-

ftance in which the veins of the abdominal vif-

cera differ from thofe of moft other parts of die

body, (a) The veflels which lie near the fur-

face, or contiguous to the great mufcles, and

which confequently are at all times peculiarly ex-

pofed to the effects of irregular preffure, are

plentifully furnifhed with femilunar valves.

When, therefore, by an extraneous caufe, the

capacity of any part of a vein is diminifhed, the

blood which it contained muft neceffarily be dri-

ven forward towards the heart, and upon the re-

moval of the compreffion, the vefTel regaining its

natural

(a) Haller, ii. 2 18, 21.
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natural capacity will afford a more eafy admiflion

to the fucceeding column of blood. But the ac-

celeration which is produced in this cafe, depends

entirely upon the prefence of the valves ; when,

therefore, we find a fyftem of venous veffels in

which they are wanting, we may infer that the

veins in queftion are not much expofed to the

effects of preffure, and that when preffure is ap-

plied, it will not accelerate the motion of the

fluids which they contain, (a)

Haller infifts flrongly upon the effects which

are produced in the liver by the contraction of

the diaphragm. He conceives that it is a prin-

cipal agent in propelling the blood along the he-

patic veins, and more particularly in preffing the

bile out of the gall bladder : he fuppofes that

this organ is not furnilhed with any mufcular

fibres, and that confequently its contents can

only be evacuated by external preffure. There

feems every reafon to conclude that the effects

which he defcribes will be produced in the more
violent and fudden motions of the diaphragm,

particularly thofe which occur in the act of vo-

miting, (b)

F The

(a) Haller, iii. 2, 3 j & viii. 5. 23. Bells Dissections,

v. I p. 48. (bj Haller, viii. 5. 23. xxiii. 3. 29.
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The alternate a&ion of the thorax is alio fup-

pofed to excrcife a confiderable degree of com-
preilion upon the lacleals, and confequently to

promote the flow of the chyle, (a) The remarks

made above with regard to the effect of the dia-

phragm upon the veins of the abdominal vifcera,

apply to the prefent cafe, fo far as refpects the

uniformity of the preffure in the ordinary act of

refpiration. But the lacteals differ from the

veins of the vifcera in being furnifhed with nu-

merous valves, (b) it is therefore probable that the

chyle will be propelled towards the thoracic duel,

m the more violent aclion either of the dia-

phragm, or the mufcles of the abdomen, and flill

more in thofe voluntary exertions where both

thefe parts are ftrongly contracted at the fame

time. But it is only in the more unufual flate of

the refpiratory organs, that this effect is produced ;

in ordinary cafes it is probable, that the pro-

greflive motion of the chyle is effected folely by

the mufcular action of the veflels themfelves.

The thoracic duct foon after its commencement,

lies under what are called the crura of the dia-

phragm, and it is fuppofed by Haller, that the

paflage of the chyle along the duct is materially

promoted by the contraction of this part. (c) But

it

(a) Scnac, Mem. Mad. 1724. (b) Note 2p.

(c) Haller, xxv. 2. Qr
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it is probable that in this, as in the former in-

liance, it is only in the more violent exercife of

the refpiratory organs that any efrecl: can be pro-

duced upon the motion of the chyle, and that iq

ordinary circumlhnccs, the mufcularity of the

yeflel is adequate to the propulfion of its con-

tents. As a decifive argument in favour of this

opinion, it has been obferved, that the chyle has

ftill continued its progreffive motion along the

thoracic duel after the thorax has been laid open,

and confequently the effect of external preffure

entirely removed, (a)

From the above remarks, we are led to con-

clude, that the effects produced by the dilatation

and contra&ion of the thorax, which takes place

in ordinary refpiration, are much lefs conliderable

than was conceived by the older phyliologifts.

In the experiments which they performed upon

living animals, they neglected to make a due

allowance for the unnatural fituation in which

the fubjects were necefTarily placed, and in thofe

which they made upon the body after death,

they proceeded upon the fuppofition, that the

moft complete change in the capacity of the

thorax, of whic,h it is capable, was in all in-

F 2 fiances

(a) Senac, Mem. Acad. 1729. Cruickshanks on the

Absorb, p. 16$.
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ftances produced. The experiments, therefore,

exhibit the effects arifing from a dilatation and

contraction of the thorax, which can take place

in the moft extreme cafes only, and the conclu-

fions are confequently inapplicable to the pheno-

mena of ordinary refpiration.

CHAP.
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CHAP. II.

The change produced by Respiration, in the In-

spired Air.

THAT a change is produced by refpiration

upon the air received into the lungs, could

fcarcely efcape the notice of the mod curfory

obfervers of the operations of the animal ceco-

nomy. The ancients were not unacquainted with

this circumftance, but the firft accurate notions

which we obtained refpecling it, were deduced

from the experiments of Boyle. This philofo-

pher, who fo fuccefsfully advanced the theory

and practice of the various branches of experi-

mental fcience, was peculiarly fortunate in his

refearches into the nature and properties of the

atmofphere. He not only proved by means of

the newly invented machine, the air-pump, the

abfolute neceflity of air to the fupport of animal

life, but he farther difcovered, that the action ot

the
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the lungs is quickly fufpended, unlefs they are

furnimed with a regular fupply of frelh air.

From this fact it was naturally concluded, that

the air had undergone fome important change

during its continuance in the pulmonary veficles,

and a variety of hypothefes and conjectures

"were formed to account for this alteration. The
knowledge which was then obtained reflecting

the air was, however, almoft entirely confined to

its mechanical properties, fo that the theories of

refpiration formed during this period, were ne-

ceflarily crude and imperfect. Boyle perceived

that the air in pafling through the lungs became

loaded with a quantity of aqueous vapour, and he

farther fuppofed, that it acquired what he calls

recrementitious fleams \ (a) but refpecling the

nature of thefe fteams he forms no conjecture.

He obferved alfo, that the air in which an ani-

mal had refpired for fome time, was confiderably

diminifhed in volume, an effect which he attri-

buted to the lofs of part of its elafticity or fpring.

The contemporaries of Boyle, for the moft part,

coincided with him, in his ideas reflecting refpi-

ration ; there were, however, fome philofophers

who fuppofed, that befides the addition of thefe

vapours, the air, during its continuance in the

lungs,

(a) Boyle s Works, vol. i. p. $Q, & seq,; vol. m, p.

& seq.
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lungs, imparted fomcthing to the blood. Among

thefe, the firtt in point of genius and origi-

nality was Mayow of Oxford. He inveliigated

the properties of the air, and the effects pro-

duced upon it by relpiration, with great acutc-

nefs, and concluded, that a peculiar volatile fpirit.

which was one of the conftituents of the atinof-

phere, was ablbrbed by the blood during its

paflage through the lungs. Borelli, fa) Lower,

(b) Willis, (c) and others, adopted opinions in

many refpects fimilar to that of Mayow ;
they

imagined, that either a portion of the whole

mals of air, or fome particular constituent of it,

was abforbed by the blood, and by this means

converted this fluid from the venous to the arte-

rial ttate. But fo little real knowledge was at

this time porlefTed refpecting the compofition of

the atmofphere, that they entirely failed in their

attempts to afcertain the nature of the matter

abforbed, and their hypothefes appeared fo ex-

travagant, and fo little founded upon truth, that

their doctrines fell into difcredit, became neglecl-

ed, and at length were totally forgotten, (dj

Dr. Hales devoted much of his attention to

this fubjeel, and performed many experiments

with

(a) Be MoiuAnim. p. la. prop. 113. (b) Be Corde, p.

159—165, (c) mills, pharm. Rat. p. ii. p. 34. (d) Note 30.
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with a view to illuftrate the manner in which

the air is affected by the lungs; he concludes

nearly as Boyle had done, that it acquires a noxi-

ous vapour, and that itselafticity is diminiihed/a^

The learned Boerhaave confeffes his inability

to explain the change which the air experiences

by refpiration. (b) The opinion of Haller was

not materially different from that of Boyle and

Hales ; he has collected all the different theories

which have been advanced upon this fubjecl, and

after reviewing them with his accuftomed can-

dour and perfpicuity, he concludes that the

air, when it is emitted from the pulmonary vefi-

cles, is combined with a quantity of water, and

a peculiar noxious vapour, and has its elaflicity

diminifhed. (c) Such was the imperfect ftate of

our knowledge, when Haller wrote his Elements

of Phyfiology ! This noble monument of induftry

and genius was fcarcely publifhed, when Dr.

Black commenced his experiments upon fixed

air, and among other interefting difcoveries,

fatisfaclorily proved, that this peculiar gafeous

fubftance is generated in the lungs during refpi-

ration. (d) Shortly after this period, the bril-

liant difcoveries of Scheele and Prieftley made

us

(a) Statical Essays, passim. (I) Prcelect, t. v. p. 169.

& seq. (c) Notce ad Boer. Prcelect. t. v. p. 170.

El. Phys. viii. 3.11; viii. 5. 19, 20. (dj Note 31.
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us acquainted with the nature and compofition

of the atmofphere, and by this means effected a

revolution in chemiflry, and in all the branches

of natural philofophy connected with this fci-

ence. The atmofphere, which until this period

had been regarded as an homogeneous, elemen-

tary body, was difcovcred by thefe celebrated

experimenters, to be compounded of two aeri-

form fluids, pofleffing diftinct properties, and

ferving totally different purpofes in the cecono-

my of nature. Thefe fubftances, which have

fmce obtained the names of the oxygenous and

the azotic gafles, were found to exift in the at-

mofphere, in the conftant proportion of about

22 to 78, (a) but after an animal had breathed

for any length of time in the fame quantity of

air, the oxygenous part appeared to be confider-

ably dimirufhed. Dr. Prieflley repeated thefe

experiments under a variety of circumftances,

and imagined, that in thefe cafes the air had

undergone the fame change in its properties,

which it experiences from combuftion, fermen-

tation, the calcination of metals, or other ope-

rations by which the air is deprived of part of

its oxygene, which, in confequence of his pecu-
liar theory, he ftiles phlogiftic proceffes. The

change

(a) Note 32.
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change produced in the air by paffing through
the lungs, according to this philofopher, con-

lifted in the removal of part of the oxygene, and
in the addition of phlogiflon, and a quantity of

aqueous vapour, (a)

About a year after the publication of Dr.

Prieftley's experiments, a memoir on refpiration

appeared from the pen of the celebrated M. La-

voifier. (b) After paying a tribute of refpect to

the genius of Dr. Prieltley, he proceeds to an

accurate examination of his experiments, and the

conclufions which were deduced from them. He
agrees with the Doctor in fuppofing, that the

proportion of oxygene is diminifhed in air which

has been rcfpired, but upon a careful analyfis

of the refidue, he finds it to differ from the air

left after the calcination of metals, which is

merely azotic gas, in containing a quantity of

carbonic acid. He alfo obferved, that the bulk

of the air was fomewhat diminifhed, and we

learn in general from thefe experiments, that the

changes produced in air by refpiration, conhTt

in the removal of part of the oxygene, in the ad-

dition of a quantity of carbonic acid gas, and in

the diminution of its volume. He fuppofes that

the

Ca) Phil. Trans. 1776; Observ. on Air, v. iii. b 9-

(b) Mem. Acad. \777.
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the azote is not affected by the procefs, and that

it fervcs merely to dilute the oxygenous part of

the atmofphere. (a)

In this paper M. Lavoifier does not mention

the aqueous vapour which is fo evidently difcharged

from the lungs by refpiration ; it is impoffiblc

that it could have been overlooked by fo accurate

an obferver ; we may therefore conjecture, that he

omitted to mention it, becaufe at this period he

confidered it as only diffufed through the air ex-

pired from the lungs, by the procefs of evapora-

tion, and not formed in confequence of the ope-

ration of any chemical affinities.

The conclufions of this philofopher reflecting

the changes produced by refpiration upon the air

taken into the lungs, are for the moft part

acquiefced in by the modern phyliologifts, and

the refearches which have been fince made upon

this fubject are principally directed, either to as-

certain with more precifion the proportion of the

refpective ingredients in the air of expiration, or

to frame hypothefes to account for the operation

of the lungs in effecting thefe changes.

Ifhall

(a) Note 33.
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I fhall defer my remarks upon the theory of
refpiration, until I have confidered the alteration

which is effe&ed in the blood, by its paflage

through the lungs ; in the remainder of this

chapter I fhall examine the experiments that have

been made with a view to afcertain with more

precifion the amount of the changes produced

upon the air.

When an animal has expired in a quantity of

atmofpheric air, in confequence of its being no

longer fit for refpiration, it is found that the

whole of the oxygene is not removed from it/aj

and it appears, that independently of their bulk,

different animals pofTefs this power of abftracling

oxygene in a greater or lefs degree. It is not eafy

to deduce any general conclufions from experi-

ments of this kind, as there are feveral incidental

circumflances, by which the death of the animal

appears to be accelerated or retarded, but upon

the whole, we are warranted to conclude from

them, that the animals whofe temperature is the

highest, are the leaft able to cxifl in air wanting

its due proportion of oxygene. Accordingly birds,

who pofTHs a temperature of about 104°, have

been found to expire when two-thirds of the

oxygene

(a) Note 34.
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oxygcne is removed ; a guinea-pig and a moufe,

whofe temperature is about 98 °, can confume

about three-fourths, while frogs are capable of

living until nearly the whole of the oxygenc is

confumed (a) It muft however be obferved,

that when animals die in confequence of the want

of freth air, their death is not fo much to be at-

tributed to the deficiency of the oxygene, as to

the prefence of the carbonic acid, which when it

exifts in any confiderable quantity, exercifes upon

the body a highly noxious influence. It is there-

fore neceflary to guard againft its effects by pre-

fenting to the air a fubftance which has the pro-

perty of abforbing it as rapidly as it is produced.

When thefe precautions were employed, Lavoifier

found, that a guinea-pig could live without in-

convenience in air which contained only one-

fifteenth part of its bulk of oxygene, and when
the proportion was ftill farther diminifhed, the

only apparent effe<5t produced, was a degree of

drowfinefs in the animal.^ As the temperature

of a guinea-pig is nearly that of a man, it is pro-

bable that human life might be fupported with air

of the fame compofition.

Another

(*) Higgins's Minutes of a Society, &c. p. 158. Chap-
taVs Chemistry, v. i. p, 127.

(h) Mem. 4cad. 1739 . p. 574.
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Another queftion refpe&ing the confumption
of oxygene, of a more interefting nature, but of
more difficult invcftigation, is the abfolute quan-
tity of this gas confumed by refpiration in a given

time. The firft calculations which were made
upon this fubject, in confequence of the imper-

fect nature of the apparatus employed, and of

the want of a lufficient dexterity in thp manage-

ment of pneumatic experiments, were unavoidably

vague and inaccurate. The difficulty was much
encreafed by a circumftance firft noticed by Dr.

Crawford, and afterwards more fully inveftigated

by M. Jurine of Geneva, and M. Lavoifier, that

the refpiration of the fame animal in different ftates

of the fyftem, and under the operation of different

external circumftances, affects the air in very dif-

ferent degrees. This curious fact, which affords

an infight into fome of the mod important opera-

tions of the animal ceconomy, mud unavoidably

produce great differences in the remits of the belt

conducted experiments, and will render it impoi-

fible for us to arrive at more than an approxima-

tion to the truth. The circumftances which have

been difcovered to influence the chemical effects

of the refpiration are, the temperature of the

air refpired, the degree of mufcular exertion, the

ftate of the digeftive organs, and the condition

of the fyftem as affected by fever ; it is highly

probable
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probable that other circumflances will be difco-

vered, by multiplying and varying our experiments

upon the living body. Theie different affections

of refpiration will undergo a farther examination

in the third part of this effay ;
they are noticed in

this place in order to mew, that the greateft degree

of certainty which we can attain upon this iub-

iect, is no more than an average deduced from a

number of experiments, performed upon the

body under the various circumflances in which it

is placed, and the confequent changes to which it

is liable.

An experiment performed by Lavoifier, upon

a guinea-pig, feems to have been the firfl in

which a perfect apparatus, and the neceflary de-

gree of accuracy were employed. (a) The ani-

mal was confined over mercury, in a jar contain-

ing 248 cubic inches of gas, confiding principal-

ly of oxygene. In an hour and a quarter, the

animal breathed with much difficulty, and being

removed from the apparatus, the ffate of the air

was examined. Its bulk was found to be dimi-

nished by eight cubic inches, and of the remain-

ing 240 inches, 40 were abforbed by cauftic pot-

am, and confequently confifted of carbonic acid

gas. Taking 100 parts of this air, thefe numbers

will

(a) Mem. Acad, 1780. p. 401— 8.
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will be as follows; the air was diminifhed to 96-

5, or by 3*5 cubic inches, and of the remainder

were converted into carbonic acid gas, and

abforbed by pot-am, which reduces the quantity

of air to 80 cubic inches. Towards the conclu-

fion of the experiment, the air would be necef-

farily much lets fit for performing the functions of

the lungs than the air of the atmofphere, in con-

fequence of the carbonic acid gas which it con-

tained ; but as the air employed was originally

much purer than the atmofphere, the author fup-

pofes, that the quantity of oxygene dettroyed, was

probably about the fame which would have been

confumed under the ordinary circucnftances of

refpiration,

The fame philofopher performed a fecond ex-

periment upon the fame fpecies of animal, with

Hill more accuracy, in which pure oxygene was

employed/^ This experiment continued during

an hour and a half, and the animal being then re-

moved from the jar, the air was analyzed as in the

former cafe. 1728 cubic inches of air were found

to be reduced to 1073, i. e. had fuffered a diminu-

tion of 55 inches, cauftic pot-am abforbed about

229-5 inches, leaving a refidue of pure oxygene.

Thefe

(a) Ann. de Chim. t. v. p. 26l & seq.
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Thefe numbers, efrimated as in the former cafe,

will be nearly as follows ; 100 inches were redu-

ced to 96*82. or by 3' 18 inches, the not : h

abforbed about 19 inches, reducing the \vho;e

quantity of air to 77 • 82 parts. The quantity of

carbonic acid was here fomcw hat greater than in

the former experiment, which may be attributed

to the air employed being pure oxygene, and to

the procefs having been continued for a fomewhat

longer fpace of time than in the former inftance.

Upon the whole, the refults correfpond as nearly

as can be expected, from the very delicate nature

of the experiments.

Dr. Menzies firft attempted to afcertain the

quantity of oxygene confumed by a man in the

courfe of a day. He found by experiment, that

one-twentieth part of air, which had been once

refpired, is converted into carbonic acid gas ; this

he concludes muft have been oxygene, as that

part of the air alone is affected by refpiration.

He conceives that 720 cubic inches of air are

refpired in a minute, of which confequently 30*

will be confumed. From thefe data he efti-

mates, that in the fpace of 24 hours 51840 cu-

bic inches, or 17625*6 grains of oxygene, are

:onfumcd and converted into carbonic acid gas.

fn this calculation feveral important particulars

G appear

1
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appear to have been overlooked, and accordingly

it will be found to differ from the refults of the

more accurate experiments, which have been

fince performed by M. Lavoilier, and Mr. Davy.

The experiments which were made by M. La-*

voifier, in conjunction with his friend M. Seguin,

were conducted with every poflible attention to

accuracy, and with an apparatus more com-

plete, than any which has ever been employed

in phyfiological refearches. An account of them

is detailed in two papers in the memoirs of the

Academy of Sciences for the years 1789 and

1790 ; but notwithstanding the peculiar advan-

tages under which they were performed, their

refults will not be found in all inftances to

coincide. M. Seguin was himfelf the fubject of

the experiments ; the authors begin by pointing

out the different effects which are produced by

the refpiration under the different circum (lances

in which the body is placed, and they farther

remark, that individuals may probably differ in the

abfolute quantity of oxygene which they confume

in the fame circumftances. Making a due al-

lowance for thefe variations, they conclude, that

the mean confumption of oxygene by a man dur-

ing 24 hours, is fomewhat more than 22 French

cubic feet, or 46037 " 38 Englifh cubic inches,

a quantity
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a quantity of gas which will weigh 1566 1*66

grains troy, (a)

Lavoifier was ftill continuing to purfue his

experiments on this fubjecl:, and had conftrucled

a very expenfive apparatus, for afccrtaining with

ftill more precifion, the amount of the feveral

changes produced by refpiration, when this

great philofopher fell a facriflce to the fury of

Robefpierre, and received fentence of death. He
had already performed a number of experiments

with his new apparatus, and earneilly requefted a

refpite of a few days, in order to prepare them

for publication ; but his requefl: was not granted.

M. De la Place, who pronounced his eulogy, has

fortunately given us the moft important refults

;

they will be found to differ in fome particulars

from the former experiments, though with re-

Ipecl to the quantity of oxygene confumed, they

nearly coincide ; it is Hated that a man in 24

hours confumes 15592 • 5 grains, (b)

The only experiments on this fubjecl which

have been performed fince the death of Lavoifier,

are thofe of Mr. Davy, which appear to have

been executed with great accuracy. From a

G 2 number

(d) Note 35. (h) Suppl. to Enc. Brit. v. \\,p. 591.
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number of trials made upon his own refpiration,

he found, that 100 cubic inches of atmofpheric

air, after having once pafled through the lungs,

had loft between 4 and 5 parts of oxygene,

hence he calculates, that 31*6 cubic inches of

oxygene are confumed in a minute; (a) this

will give 45504 inches in 24 hours, a quantity

which will weigh ] 547 1 36 grains, (b) This efti-

mate coincides nearly with that of M. Lavoifier,

though it was obtained by a different procefs and

by the ufe of a different apparatus ; we may

therefore conclude, that between 45, and 46,000

cubic inches, or about 15500 grains, 2lbs. 8oz.

troy, is the average quantity of oxygene con-

fumed by a man in 2,4 hours.

Having afcertained the proportion of oxygene

which is confumed in refpiration, it next remains

to determine the quantity of carbonic acid gas,

which is produced. It appears that Dr. Black

firft demonftrated its exiftence in air which was

emitted from the lungs, and that M. Lavoifier,

afterwards examined it with more accuracy, and

found that the air in which an animal had ex-

pired, contained about 4 of its bulk of carbonic

acid gas. (c) In the experiment which this phi-

lofopher

(a) Davy 's Researches, p. 431—4. Note 36.

(c) Mem. Acad. 1J/7.
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lofophcr performed with a more perfecl apparatus,

upon a guinea-pig confined in oxygene, the car-

bonic acid amounted to nearly
'

s of the bulk of

the whole air employed, when the animal had

been detained in the apparatus until the air was re-

duced into aftate, no longer fit for refpiration. (a)

Thefe experiments, however, only prove what

proportion of carbonic acid gas, will render

air incapable of fupporting life, without ac-

quainting us with the quantity of this gas, pro-

duced under the ordinary circumftances of refpi-

ration.

M. Jurine of Geneva, appears to have been

the firft who attempted to calculate the abfolute

quantity of carbonic acid formed by the refpira-

tion of man ; he imagined that it conftituted

about T\ part of the air emitted from the lungs, (b)

Dr. Menzies inftituted a fet of experiments

to difcover the abfolute quantity generated in a

given time ; he infers from them, that ~ part of

air which has been once refpired, is carbonic acid,

and eftimates, that a man in 24 hours, fends

out from the lungs 51840 cubic inches, or

nearly 4lbs. troy
.;
(c) but this eftimate is probably

over-rated.

The

(a) Ann. de Chim. t. y. p, 261, £5* seq. (I) Enc.
Meth. Medicine, t. j. p. 494. (c) Menzies, p, .50.
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The circumftances which have been already-

pointed out, as influencing the confumption of

oxygene, have at leaft as powerful an effect upon
the production of carbonic acid gas. Accord-
ingly we mall find the calculations of the moft

accurate experimenters upon this fubjecl fo wide-

ly different from each other, that it feems fcarcely

poflible to arrive at any tolerable degree of cer-

tainty.

M. M. Lavoifier and Seguin, in their firft me-

moir of 1789, eftimare the average quantity of

carbonic acid gas, formed by a man in 24 hours,

at 17720 * 89 grains troy
; in their fubfequent me-

moir, publifhed in the following year, this quan-

tity is diminifhed to 8450 • 24 grains ; and in the

eulogy of La Place it is ftated, that Lavoifier in his

laft experiments, reduced it ftill lower to 7550 * 40

grains. Mr. Davy on the contrary, whofe experi-

ments feem to have been performed with great

exactnefs, though with a lefs complicated appa-

ratus than that employed by the French chemifts,

fuppofes the carbonic acid formed in 24 hours to

amount to 1 781 1 38 grains, (a) a quantity which

is not very different from that firft announced by

Lavoifier. Between fuch oppofing authorities, it

is not eafy to decide ; upon the whole I feel in-

clined

(a) Researches, p. 434.
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clined to acquiefce in the experiments of Mr,

Davy, and to conclude, that the quantity of car-

bonic acid gas, generated by a man in 24 hours,

amounts to about 17800 grains or fomevvhat

above 3lbs. troy.

Another of the changes produced by refpi-

ration upon the air, is a diminution of its volume.

This circumftance was noticed by the older phy-

fiologifts, but in confequence of the manner in

which their experiments were performed, it was

very confiderably over-rated ; they attributed it

to a diminution of the elafticity or fpring of the

air. (a) Lavoifier, in the firft memoir which

he publifhed upon refpiration, afcertained the

degree of diminution with more accuracy, and

ftated, that air when rendered unfit to fupport

life, was reduced tts in bulk, (b) The experi-

ments of Dr. Goodwyn, afforded the fame re-

{u\t;(c) but Dr. Crawford, by fome miftake,

was led to conclude that, when the procefs was

conducted with accuracy, there was no percepti-

ble diminution, (d) In the account which La-

voifier gives of the firft experiment upon the

guinea-pig, he found the diminution to amount

to tV of the bulk of the air employed, (c) and

in

(a) Note 37. (b) Mem. Acad. 1777- (c) Good-

wyn, p. 51 (d) On Animal Heat. p. 146. (e) Mem.
Acad. 1780, p. 401.
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in the fccond fet of experiments, the diminution

was found to be & part;,^ the greater ab-

forption in tliefe cafes probably depending upon
the greater purity of the air employed. It is

fomewhat remarkable, that in the experiments

performed by Lavoifier, in conjunction with Se-

guin, upon the refpiration of man, though in

other refpecls fo remarkable for their accuracy,

there is no mention made of this circumftance,

nor is it noticed by La Place, in his account of

the experiments in which Lavoifier was engaged,

immediately previous to his execution. In thefe

inftances we cannot determine, whether Lavoifier

conceived that no diminution actually took place,

or whether he only neglected to notice it ; upon

the whole, the latter appears the more probable

fuppofition.

The general fact of the diminution of bulk

in refpired air, has been fince confirmed by Mr.

Davy, though the exact degree of abforption

varied fo much in his different experiments, that

it is difficult from them to fix upon a quantity

which may indicate the ordinary amount of this

diminution. In the confederation of this quef-

tion, as in the preceding one refpecling the con-

sumption of oxygene, and the production of

carbonic

(a) Ann. de Chimie, t.y.p 261.
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carbonic acid, there are two diftincl: objects of

inquiry. We may examine the degree of dimi-

nution produced in a given quantity of air, in

which an animal has been confined, until it is

no longer lit for fupporting the refpiration ; and in

the fecond place, we have to afcertain the amount

of the diminution which takes place in air that has

only once pafted through the lungs, as is the cafe

in the procefs of ordinary refpiration. The firil

of thefe points only was examined by Lavoifier.

Mr. Davy has made experiments upon both. In

air which had only once paffed through the

lungs, he found the diminution in different trials

to vary from T -

e to T^ ; (a) when he received

the fame air repeatedly into the lungs, it was

found to be diminifhed as much as TV of its

original bulk, (b) The former experiments how-

ever alone indicate the effects of natural refpi-

ration, and taking an average of their remits,

the amount of the diminution will be about -g-s

part of the whole air received into the lungs.

I am not acquainted with any experiments to

afcertain the. diminution of air that has been once

refpired, upon the accuracy of which we can

depend, excepting thole of Mr. Davy.

Mr. Abernethy, in oppofition to the generally

received opinion, conceives that the quantity of

air
(a) Researches, p. 431—3, (b) Do. p. 435.
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air emitted from the lungs is greater than that

received by them. This lingular hypothefis i*

principally founded upon the fuppofition, that the

carbonic acid difcharged by refpiration, is not

generated by the union of the oxygene received

by the blood as it paftes through the lungs, with

the carbone contained in this fluid, but that it is

merely an exhalation from the furface of the ve(i-

cles. He eft i mates that 100 cubic inches receiv-

ed by the lungs, when difcharged from them are

augmented to 107| inches. The diminution in

the bulk of a quantity of air in which an ani-

mal has been confined, he attributes to its ab-

forption by veffels with which he thinks it pro-

bable, the furface of the lungs is furnifhed, fimi-

lar to thofe of the ikin. (a)

If we have found it difficult to afcertain with

accuracy the amount of thofe changes produced

by refpiration which we have hitherto examined,

we fhall probably experience ftill more uncertainty

in determining the quantity of aqueous vapour

that is emitted from the lungs. This fubftance is

from its nature lefs eafy to collect and meafure

than a permanently elaftic fluid, and accordingly

the phyfiologifts who have attempted to difcover

the

(a) Essays, p. 146,
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the quantity of it mixed with the air of expira-

tion, have for the moll part proceeded rather upon

calculations derived from collateral circumfiances,

than from the direct refult of experiment.

The exhalation of water from the lungs in

refpiration, was a circumftance which could not

efcape the moft curfory obferver ;
accordingly wc

fhall find that it was noticed by the older phyfio-

logifts, and was indeed regarded by them as one

of the principal purpofes which is ferved by this

function, (a) Dr. Hales performed many experi-

ments for the purpofe of afcertaining its quantity ;

he contrived to pafs the air which he expired

through a flafk filled with wood- allies, which in

confequence of the pot-afh contained in them,

have the property of firongly attracting moifture.

By obferving the increafe of weight which the

afhes had acquired in a given time, he eftimates

that the water emitted from the lungs in 24 hours,

will amount to 979*2 grs., above 20 oz. (b) The

nature of his procefs, however, did not admit of

much accuracy. Dr. Menzies attempted to folve

this problem by actually collecting in an allantoid

fitted to the mouth, the water emitted from the

lungs in a given time ; his eftimate is much lefs

than that of Hales ; he fuppofedthat the quantity of

water

fa) Ncte 38. (I) Statical Essays, v. ii.p. 322—4.



92

water exhaled in %4 hours would amount to no more
than (5 oz. or 2880 grains, (a) Mr. Abernethy, by
breathing into a glafs venel of a peculiar conduc-
tion, collected in an hour 180 grs. of water, con-

taining, as he fuppofed, a quantity of mucous

matter. According to his eftimate, the quantity

emitted in 24 hours, would amount to exactly Qoz.

or 4320 grains, but as the fubftance which he ob-

tained was not pure water, there muft be fome

deduction made from it on this account. We are

not informed what proportion the water bore to

the mucus diflblved in it. (b)

The difficulty of actually collecting and

weighing the pulmonary exhalation, is probably

the caufe which induced Lavoifier in his expe-

riments upon refpiration, to afcertain its quantity

by a calculation, founded upon the proportion

between its conftituent parts, compared with the

compoution of the other fubftances which are

received into and difcharged from the lungs. He
firft determined by direct experiment the quan-

tity of oxygene confumed, and of carbonic acid

produced ; the compofition of carbonic acid is

known, and by comparing the oxygene which

had difappeared with the quantity which would

have been necerlary to form the acid, he found

that the oxygene confumed was more than fuf-

ficient

(a) Menzies, p. 54. • (I) Essays, p. 141.
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ficient to compofc the carbonic acid which was

actually produced, (a) He fuppofed that this fu-

perabundant quantity of oxygene was employed

in the formation of water, by uniting in the lungs

with a portion of hydrogenc ; he eilimates the

amount of the water by knowing what quantity

of it a given weight of oxygene can produce.

This method employed by Lavoifier muft be

confetfed to be extremely ingenious, but at the

fame time, before we can depend upon its truth,

we muft be well affured that the feveral propo-

rtions on which it refts, are themfelves well

founded. There are, I confefs, feveral reafons

which ftrongly incline me to fufpecl their validity,

they will be considered in the following chapter ;

at prefent I (hall only ftate .the conclufions which

this diftinguifhed philofopher has deduced from

his calculations, (b)

Lavoifier firft formed an eftimate of the water

fuppofed to be generated in the lungs, from the

experiments which he made upon the refpiration

of a guinea-pig confined in pure oxygene. He
afcertained, that the carbonic acid produced would

have acquired for its formation, a quantity of

oxygene less by 55 cubic inches., than had in fact

difappeared ; this oxygene, the author adds, muft

either

(a) Note 39. (I) Note 40.
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cither have been abforbcd, and have entered into

fome combination with the mafs of blood, or have

united with a quantity of hydrogene difcharged

from the lungs, together with the carbone, and

thus have produced water ; he conceives that the

latter fuppofition is the moft probable, (a) The
reafons for this opinion are not detailed as fully as

might be wimed, but he appears to have been in-

fluenced by the experiments, in which he con-

ceived, that more caloric is difengaged by the

formation of a given quantity of carbonic acid

in the lungs, than from the formation of the fame

quantity of carbonic acid by the combuftion of

charcoal in the calorimeter. This excefs of car-

loric, he imagined was derived from the union of

the hydrogenous and the oxygenous gafes. (b)

In the experiment with the guinea-pig, the carbo-

nic acid amounted to 107 grs -> tne water was efti-

mated at about 25 grs. Nearly the fame train of

reafoning waspurfued in the elaborate experiments

upon the refpiration of man, to which I have al-

ready referred, performed by the united efforts of

Lavoifier and Seguin. In the firft of thefe me-

moirs, the quantity of water emitted from the

lungs of a man in 24 hours is ftated to be no more

than 337*18 grs.; but in the 2d., where a more

perfect apparatus was employed, the weight of wa-

ter

(a) Ann. tie Chimie, t. v. (I) Mem. Acad. 1789.
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tcr expired in 24 hours, is eftimated at 1 1 J 80' 57

grs., nearly ilbs. troy, a quantity very much larger

than the eltiinate derived from the former expe-

riments. In the experiments performed by La-

voifier, of which an account is given by M. La

Place, the quantity of water was fuppofed to be

ftill more confiderable, even as much as 13704

grs. in the courfe of 24 hours. The proportion

between the carbonic acid, and the water dif-

charged by refpiration, as deduced from thefe laft

experiments of Lavoifier's, differs very confider-

ably from that in the experiment performed upon

the guinea-pig, and no lefs remarkably from each

other. In the memoir of 178Q, the carbonic acid

was 17720*89 grs. the water only 337*18 grs.

or as 1000 to 19 nearly ; in the memoir of 1790,

the carbonic acid was 8450*24 grs. and the water

1 1 188*57 grs. or as 1000 to 1323 ; in the eulogy

of La Place, the carbonic acid is 7550*40 grs.

and the water 13704, or in the proportion of 1000

to 1815 nearly ; from fuch very difcordant calcu-

lations it is impoffible to draw any conclufions.

Mr. Davy has not formed any eftimate of the-

quantity of water exhaled in refpiration.

M. Lavoifier in his carlieft experiments upon

refpiration, concluded that the azote remained en-

tirely paflive i aud was received into and emitted

from
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from thelungs without undergoing any change; (a)

to this opinion he always adhered, and it has

been adopted by almoft all the modern phyfio-

logiils. Dr. Prieftley, indeed, in his experiments,

thought that there was an abforption of azote as

well as oxygene, (b) but as the apparatus which

he employed was not fufceptible of perfect accu-

racy, and as his experiments wee performed in .the

infancy of pneumatic chemiftry, this circumftance

was generally attributed to fome accidental caufe.

Dr. Prieftley's fuppoftfion has, however, lately

received a flrong confirmation from Mr. Davy,

who uniformly difcovered a deficiency of a fmall

quantity of azote in his experiments upon refpira-»

tion ; he eflimates the volume of azotic gas ab-

forbed to be 5 * 2 cubic inches in a minute, (c) a

quantity which, in 24 hours, will amount to

about 2240-4 grs. or 4 '68 oz. From the pecu-

liar accuracy with which Mr. Davy's experiments

appear to have been performed, I feel flrongly in-

duced to acquiefce in his opinion, notwithftand-

ing the great authorities in favour of the oppofite

doctrine. The expreffions which Lavoifier em-

ploys, render it probable that he derived his notion

reflecting the inactivity of the azote rather from

theory than from actual experiment, and the po-

ll tive

(a) M,m. Acad. \~77- (b) Priestley s Exp. on Mr,

v. 'm. p. 380. (c) Davys Researches, p. 434.
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[hive afiertion of fo diftinguiflied a philosopher

feems to have deterred fucceeding experimenters

from any farther invelligation of the fubjccl;. (a)

An opinion, directly the revcrfe of Mr. Davy's,

was advanced by M. Jurine ; he imagines that

izote is actually generated by refpiration. (b) But

an attentive review of his experiments will eafily

explain the caufe by which he was led to form fo

lingular a fuppofition. After taking a full infpi-

ration, he received the air from his lungs into four

different vefTels, and he found, that the portion

which was laft expired, contained a greater quan-

tity of azote than the others. He alfo found, that

when the air had been retained for fome time in

the lungs, or when the fame quantity of air had

been feveral times refpired, that it contained more

azote, than when only taken once into the lungs

and immediately difcharged from them, as in or-

Jinary refpiration. But it is obvious, that in all

thefe cafes, the encreafed quantity of azote referred

:>nly to the greater proportion which it bore to the

reft of the air, and not in any degree to its abfolute

volume. M. Jurine has, however, performed ano-

ther experiment, which appears more direct, and

had there been no fource of inaccuracy, would

H certainly

fa) Note 41. (h) Enc. Melh. Medecinc, t. i. p, 4Q3—7.
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certainly have been decifive. He refpired a quan-

tity of pure oxygene, and upon examining it

after it had been emitted from the lungs, he

found it to be mixed both with carbonic acid

and azote. But in this cafe there is every reafon

to believe, that this azote, which M. Jurine de-

tected in the air of expiration, was derived from

the contents of his lungs before the experiment.

As it does not appear that he ufed any precau-

tions to empty them before he breathed the

oxygene, we may conclude that they would con-

tain fomewhat more than 200 cubic inches of

azote, (a) which would immediately mix with

the air infpired, and confequently be expelled

along with it. In Lavoifier's very accurate ex-

periment upon the guinea-pig, where the quan-

tity of air previously contained in the lungs of

the animal bore only a fmall proportion to the

volume of gas in which it was immerfed, after

the animal was removed from the apparatus, and

the carbonic acid abibrbed by cauftic pot-am,

the remaining oxygene was nearly as pure, as at

the commencement of the experiment.^

After having examined in fucceffion the dif-

ferent changes which are produced upon the air

by

(a) Ndte 42. (b) Ann. de Chim, t. v. p. 262.
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by refpiration, I fhall conclude this chapter by a

fummary view of thefc efFecls, so far as the pre-

fent Hate of our knowledge will enable us to

form any precife ideas refpecting them.

1. A quantity of oxygene is confumed in

refpiration ; in ordinary circumftances atmofphe-

ric air, which has been once refpired, lofes nearly

• 04 of its bulk, of oxygene ; in 24 hours a man

confumes a quantity which will weigh about

2lbs. 8 oz. ; fomewhat more than 26 cubic feet.

2. A quantity of carbonic acid is generated

by refpiration ; its volume is lefs than that of the

oxygene abforbed, nearly in the proportion of

37 to 45 ; the weight of carbonic acid formed

in 24 hours is about 3lb. ; a volume of about

22 cubic feet.

3. The whole volume of the air is diminifhed

by refpiration ; the degree of diminution is not

very accurately afcertained, but it may be efti-

mated at about TV of its bulk.

4. A quantity ofaqueous vapour, the amount

of which is ftill undetermined, is emitted from

the lungs.

5. It
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5. It is probable that a fmall portion of

azote is abforbed, upon an average about T??>

part of the air refpired, making in 24 hours

about 4|oz. or 4 cubic feet.(a)

6. From the afcertained proportion in which

the oxygene and pure charcoal exift in carbonic

acid, it appears that a greater quantity of oxy-

gene is confumed, than is neceflary for the for-

mation of the carbonic acid which is produce

(a) Note 43. (I) Note 44.

CHAP.
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CHAP. III.

The change produced upon the blood by Res-

piration.

THE extreme vafcularity of the lungs, and the

great proportion of blood which is always pre-

fent in them, induced even the oldeft anatomifts

to fuppofe, that fome important change was ef-

fected in this fluid by refpiration ; and the difco-

very of Hervey, which mowed that all the blood

in the body paflTes through the lungs during the

courfe of each complete circuit, ilrongty tended

to confirm this opinion. Soon after the doctrine

of the circulation became generally received, the

diftinclion between the arterial and the venous

blood, was clearly pointed out, and it was per-

ceived that this change is produced in the capil-

laries of the lungs. A number of conjectures,

as may be imagined, were formed both to ex-

* plain
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plain the nature of the change which takes place,

and the manner in which it is effected.

A numerous and learned clafs of phyfiolo-

gifts fuppofed that the alteration which the

blood experiences in its paflage through the

lungs, is in a great meafure mechanical. They

conceived that the blood, while in the pulmonary

veflels, experiences a continual and violent agita-

tion, by means ofwhich, its particles, before loofe-

ly mixed, and conlifting of feveral heterogeneous

fuhftances, are comminuted and perfectly united

together, fo that the whole mafs acquires a uni-

form and homogeneous confiftence. (a) Baglivi

fuppofed that the blood was rarefied, (b) and

Helvetius, that it was condenfed in the lungs ; fcj

Boerhaave imagined that the particles acquired

that peculiar organization, which he thought

eflential to the exiftence of perfect blood. (d)

Another fet of philofophers, in which we

meet with the names of Hervey, (e) Boyle, (f)

Hales and Haller, imagined that the blood, in its

paflage through the lungs, parted with fome

noxious

(a) Note 45. (I) Opera, p 457. Cc) Mem - Aca(]-

1718. (d) Prcelect. t. il.p. 1S4; 232 & seq. Note 46.

(e) Exerc. de Motu Cordis, p. 232. (J) Works, v. I

p. 99. & seq. ; v, Hi. p. 371. &
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noxious or fuperfluous matter, and with a quan-

tity of aqueous vapour, which being mixed with

the air, was removed by expiration.

A 3d clafs of phyfiologifts were of opinion,

that the chancre from the venous to the arterial

Hate, depended upon fomething which the air

imparted to the blood, whence it acquired its

vital properties, and became adapted to the per-

formance of its appropriate functions. None

of thefe opinions is altogether correct even in the

outline, and when their refpective advocates pro-

ceeded to detail them more at length, they dege-

nerated into mere fanciful hypothefes. Lower

had endeavoured to prove, independently of

any theory, that the bright fcarlct colour which

the blood acquires in the lungs, was owing to the

action of the air, and we are now fo well affured

of the fact, that it feems to us fomewhat fur^

prifing, that his experiments mould have pro-

duced fo little conviction. In order to difprove

a notion which prevailed in his time, that the red

colour acquired by the blood in the lungs, de-

pended upon an innate fire kept up in the heart,

he inflated the lungs of a dog recently killed,

and he found that the blood was reddened ex-

actly in the fame manner as during the life of

the animal. Another favourite hypothecs preva-

lent
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lent in his time to account for the change of

colour which the blood experiences in the lungs,

viz. that it depends upon the comminution of

its particles, owing to the agitation and prefTure

which it undergoes in this part of the circulation,

he endeavoured to overthrow, by (hewing, that

the blood in the lungs of a newly killed animal

would be reddened in the ufual manner, though

they were kept continually dilated, and confe-

quently almoft in a ftate of reft. As a further

proof that the change of colour depends upon

the aclion of the air, he obferves, that when the

blood is received into a bafin, the furface only

of the cralTamentum, which is expofed to the

air, acquires the fcarlet colour, while the other

parts remain of the dark purple hue. (a) The

experiments and reafonings of Lower produced

little conviclion ; the mathematicians (b) ftill

thought it more probable that the red colour

which the blood acquires in the lungs, depends

upon the compreffion and agitation which it ex-t

periences in this organ. Haller firongly oppofed

the doctrine of Lower, and conceived that the

different {hades of colour depend upon the

greater or lefs proportion of red globules in the

blood, or the degree of compreffion which they

fufFer,

(a) Be Corde, p. 159-165. '(IJ Pitcairne, Disser-

tationes, p. 62—70.
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fuller, and explains tiie bright fcarlet of the top

of the clot, upon the fuppofition, that the red

particles fubfide to the lower part, in confequence

of their gravity, or are more comprefled than

thofe at the upper furface. (a) After a long in-

terval, the opinion of Lower was revived by Sig.

Cigna of Turin ; he endeavoured to prove, that

the change of colour in the blood, from a pur-

ple to a fcarlet, in all cafes depends upon

the aclion of the air, and his experiments are

fuch as fairly to eftablifh the fact. They feem,

however, to have excited little attention, and

Cigna himfelf, in a fubfequent memoir, appears

almoft inclined to defert his former opinions, (b)

It was at this period that Dr. Pricftley commenced

his inquiry into refpiration ; he repeated and

varied the experiments of Cigna, placed his con-

clufions beyond the reach of doubt, and dif-

clofed a new and important feries of facls, which

ferved as the ground-work for all the information

that has been fince obtained. The mutual

action of the blood and air, which had been hi-

therto admitted as a plaulible fuppofition, was

now decidedly proved ; Dr. Prieftley introduced

a piece of dark-coloured crafTamentum into an

inverted

(a) Prelect. Boer. Notce ad, t. ii. p. 214. El. Phys. vi.

3. 17. Note 47. (I) Priestley's Exper. on Air, v. iii. p.

35S— 360.
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inverted jar of atmofpherical air, the blood, after

fome time, affbmcd the arterial color, and the

air was found to have experienced the fame

change in its chemical properties as by refpira-

tion. He afterwards proceeded to examine the

effects produced upon the craffamentum by the

component parts of the atmofphere applied fc-

parately, and by the other aeriform fluids which

had been recently difcovered. The purple co-

agulum was found to be reddened by oxygenous

gas, ftill more rapidly than by the air of the at-

mofphere : while in azote, in hydrogene, and in

carbonic acid, the contrary effects were pro-

duced, fo that pieces of bright fcarlet crafla-

mentum were reduced to the dull purple hue of

venous blood. The conclufions from thefe ex-

periments were highly interefling and important

:

they fhewed that the alteration of color which

the blood experiences in the lungs, depends upon

the oxygenous part of the atmofphere ; and re-

ciprocally, that the change which the air under-

goes when received into the lungs, depends upon

the action of the blood in the pulmonary veflels.

The change which is in thefe cafes effected upon

the air, Dr. Prieftley fuppofed to be limilar to

that produced by combuftion, which, in con-

formity with his peculiar theory, he imagined to

confift in the addition of phlogiflon. He there-

fore
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fore concluded, that the air in the lungs acquired

phlogifton from the venous blood, and that this

abfiraclion of phlogifton conftitutcd the principal

difference between venous and arterial blood.

Dr. Prieftley carried the refemblance between his

experiments and the actual ftate of the lungs dill

farther, by introducing a moiftened bladder be-

tween the craflamentum and the air; he found

that in this cafe, the fame changes were pro-

duced as in the former intTance, and thus ob-

viated an objection which might have been made

againft his experiments, that the blood and the

air are not actually in contact in the lungs, but

are feparated by the membrane of the veficles

and the coats of the arteries. He likewife found,

that the action between the air and the blood,

was not interrupted by the intervention of a ftra-

tum of ferum, or milk, but that when water, and

fome other fluids which he tried, were interpofed,

the change could be no longer produced.^

The train of experiment which had been

opened fo fuccefsfully by Dr. Prieftley, was pur-

fued with no lefs afliduity by M. Lavoifier. This

philofopher, by examining with more accuracy

the iiate of the expired air, found that it had

acquired

(a) Priestley's Exp. on AW. v. iii. p. 362—374. Phil.

Trans. 1776.
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acquired a great addition of carbonic acid ; he

had already demonftratcd, that this fubftance is

compofed of oxygene and carbone, and he ac-

cordingly concluded, that the air had acquired its

carbone from the venous blood. In his fubfe-

quent experiments he fo far modified his original

opinion, as to conjecture that, in addition to the

carbone, a quantity of hydrogene was likewife

difengaged from the venous blood, wbich uniting

with another portion of oxygene, produced the

water of expiration : according to Lavoifier,

therefore, the chemical compofition of venous

and arterial blood differed in the former pof-

feffing a greater proportion of hydrogene and

carbone.

I

That the air in the lungs had acquired from

the venous blood a quantity of carbone, was a

fact no longer to be doubted, but it was ftill

uncertain in what manner this change of com-

pofition was effected. Either the oxygene of the

air is combined directly with carbone abftracted

from the blood, and the carbonic acid is gene-

rated by their union, or a quantity of oxygene is

abforbed by the blood, and an equal quantity

of ready formed carbonic acid difcharged from

it. Lavoifier in his firll memoir propofes thefe

two hypothefes without
v
deciding in favour of

either
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cither of them; but in his later papers he adopts

the former, and confequently imagines, that all

the changes produced upon the blood by rcfpira-

tion, are brought about in the lungs. The hypo-

thefis of Lavoifier was adopted with fome flight

variations by moft of his contemporaries ; for

the opinion of thofe chemifts who ftill adhered

to the doctrine of phlogifton, as Prieftley and

Crawford, muft be regarded as fcarcely differing

from Lavoifier's, except in the name of the fub-

ftance emitted from the venous blood, which

was by one party called inflammable matter, or

phlogifton, and was by the other, with more

precifion, ftated to be carbone and hydrogene.

In order to complete this theory, it was ne-

ceffary to point out an adequate fource, whence

the blood may be fupplied with this carbonaceous

or inflammable matter, which is perpetually dif-

charged from the lungs. Dr. Crawford was the

firft who paid much attention to this circum-

flance ; he propofed the following explanation.

The folids of the living body have a conftant ten-

dency to decay ; their particles are continually

changing, thofe which are no longer fit for per-

forming their functions are removed, and dif-

charged from the body, while new ones are de-

pofited in their room. The arterial blood which

is
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is diftributed to all parts of the body in the mi-

nute capillary venels, is the vehicle by means of

which this operation is performed ; it conveys

the nutritious matter to the different parts of

the body, and depolits it in fuch a manner as

to repair the necefTary wafte, while at the fame

time it receives the putrefcent particles, which

are become ufelefs or noxious to the fyftem, and

carries them to the lungs, where they are united

to oxygene, and difcharged, together with the

air of expiration. It is to the addition of this

extraneous matter that Dr. Crawford attributed

the change from arterial to venous blood, and

by the removal of it in the lungs, the blood, he

imagined, is brought back to the arterial ftate. (a)

The hypothecs of Dr. Crawford, reflecting the

origin of the combuftible matter, was generally

received by the phyfiologitls who adopted La-

voifier's method of explaining the changes pro-

duced by refpiration. This philofopher himfelf

does not indeed appear to have paid any particu-

lar attention to the fubjecT: ; it may be inferred

from fome of his expreflions, that at one period he.

inclined to the opinion of Dr. Crawford, but in

his later memoirs he feems to confider the pro-

duds of digeftion as the immediate fource of

the

(a) Observ* on Animal heat, p. 150. & seq. Note 49.
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the matter confumed in refpiration. He how-

ever Hill fuppofes, that the changes are effected in

the lungs, and it is therefore obvious that his

theory mull be imperfect, as the blood becomes

completely venalized before it receives the con-

tents of the thoracic duel;.

This theory of refpiration, though certainly

limple and ingenious, was, however, found to

be encumbered with many difficulties, for, inde-

pendent of other objections, Dr. Crawford's ex-

planation of the manner in which the blood ac-

quires the fupply of inflammable matter, is by

no means fatisfactory. It is indeed admitted,

that the particles of which the folids are com-

pofed are perpetually changing, but it is con-

trary to all analogy to fuppofe, that the arteries

are the inftruments by which this change is ef-

fecled. The body is provided with a diftinct fet

of veflels, which from their office are called the

abforbents, whofe appropriate function it is to

remove all fuperfluous matter. There can fcarce-

ly be a doubt, but that it is by the action of

the abforbents, that the ufelefs particles are re-

moved, and thefe veflels have no communication

with the fanguiferous fyftem, except by the inter-

vention of the thoracic duct, which receives

all the fubftances abforbed, and pours them

into
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into the left fubclaviun vein. There is no paflage

hitherto difcovered, by which the blood can re-

ceive any thing ab extra, from the time it leaves

the heart, until it arrives at the mouth of the

thoracic duel:, when the circuit is nearly con-

cluded, and the blood has already become com-
pletely venalized.

A fecond objection again ft this hypothecs,

perhaps no lefs decifive, was derived from a cir-

cumftance which had been not unfrequently ob-

ferved, that on fome occafions the blood is con-

verted to the venous ftate, while it ftill continues

in the great trunks of the arteries. This change

has been known to take place during furgical

operations, in which the courfe of the blood

along the arteries had been intentionally flopped

and alfo in cafes where an extraneous, morbid

body had prefTed upon the vefTels, and had pre-

vented them from tranfmitting their contents in

the ulual manner. Where the tourniquet has

been applied for any length of time to the

trunk of a great artery, the blood which firfi:

flows through the veiled when the inflrument is

removed, is fometimes obferved to be of the ve-

nous colour. Mr. Hunter remarks, that extra-

vafated blood is in all cafes of a dark purple

colour, though there is every reafon to fuppofe,

that
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that it often proceeds from the rupture of an ar-

tery. He punctured the femoral artery of a dog,

and afterwards carefully excluded the air from the

orifice, a tumor was formed in the adjoining cel-

lular membrane, this he opened after fome time,

and the blood which it contained was found to ex-

hibit all the venous characters. Fie then proceed-

ed to perform the following ftill more direct and

decifive experiment ; he laid bare the carotid ar-

tery of a dog and pafsed round it two ligatures,

leaving between them an interval of two inches.

After fome hours he pierced the part of the veflel

between the ligatures, and he found it to contain

dark purple blood:,'a,1 In thefe inftances it may

be inferred, that the change which the blood ex-

perienced could not depend upon any fubftances

either received or difcharged, but upon an action

which took place among the bodies already con-

tained in it. It is indeed admitted, that the ca-

pillary arteries of the lungs poflefs the power of

tranfmitting through their coats, various fub-

ftances, which caufe the mutual changes pro-

duced in the air and the blood ; but the differ-

ence in the thieknefs and texture of the branches

of the aortic fyftem, and the minute capillaries in

the lungs, is a fufheient reafon for fuppofing that

I their

fa) Observ. on the Hood, p. 65—7.
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their contents cannot be affected in the fame

manner by external agents. The capillaries of

the lungs, are moreover expofed to the action of

the oxygene of the infpired air, whereas the arte-

ries in the other parts, of the body, independent

of the ihicknefs of their coats, are not expofed

to any external agent, which can be fuppofed to

have the power of affecting the compofition of

the blood which they contain. It appears indeed^

that the abfence of oxygene is a more important

circumftance than the mere thicknefs of the

coats ; as we learn from the experiments of Dr.

Goodwyn, that the colour of the blood in the

fmall veins of the neck of a rabbit, was in fome

meafure brightened, by directing a ftream of oxy-

gene againft the outer furface of the veffels,

when the cellular fubftance was carefully remov-

ed, (a)

As it appeared therefore from thefe circum-

tfances, that blood may be converted from the

arterial into the venous ftate without the addition

of any extraneous fubftance, it became neceflary

to abandon the theory of refpiration which attri-

buted this change to the abforption of inflamma-

ble matter, during the aortic circulation, and to

form

(a) Goodwyn, p. 63.
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form one in which the alteration might be pro-

duced by the mutual action of the conllituent

parts of the blood upon each other, (a) This

was accordingly done by M. La Grange, who

propofed a new hypothefis, which M. Haflen-

fratz adopted, and illuftrated by feveral impor-

tant obfervations and ingenious experiments, (b)

The theory of M. La Grange, has been in fome

refpects modified by Mr. Allen, (c) and with his

improvements, appears to afford an eafy explana-

tion of every phenomenon.

According to this hypothefis, the blood in its

paffage through the capillaries of the lungs, ab-

foibs oxygene, which is loofely united to the

whole mafs of fluid ; by this union its colour is

changed from a deep purple to a bright fcarlet.

The oxidated blood is then carried along the ar-

teries ; in the courfe of the circulation, the

oxygene leaves the whole mafs of blood, and

forms an intimate union with a part of the hydro-

gene and carbone contained in it, by this opera-

tion it lofes its bright colour and aflumes the

venous appearance. This portion of hydrogene

and carbone, reduced to the ftate of an oxide, is

then carried along the veins, until it arrives at

I 2 the

(a) Note 49. (b) Ann. tie Chim. t ix.

(c) Dt la Rive de Cal. Anim, p. &5
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the lungs, where, after being united with an ad-

ditional quantity of oxygene, it is difcharged

from the blood, and forms the carbonic acid,

and the aqueous vapour which are found to exift

in the air of expiration. According to this hy-

pothefis, venous and arterial blood differ only in

the arrangement of their component parts, in the

latter cafe the oxygene is loofely combined with

the whole mafs, whereas in the former, it is in

clofe union with a portion of hydrogene and

carbone only. As a confirmation of the aflumed

principle upon which this hypothecs is founded,

M. HafTenfratz adduces an experiment performed

by M. Fourcroy, in which venous blood mixed

with oxygene immediately acquired the fcarlet

colour, but after fome time, though it was ftill

cxpofed to its action, it again became purple, fa;

owing, as he conjectured, to a more intimate

union, which gradually took place between the

oxygene and fome part of the blood. Dr. Priefl-

ley had feveral years before obferved, that arterial

blood was rendered purple by expofure to azote,

or to any of the gafes which did not contain oxy-

gene ; in this cafe it may be inferred, that the gas

attracted the oxygene from the mafs of blood

with which it was loofely combined, for if the

oxygene,

(a) Ann. de Chim. t. vii. p. 143.
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oxygene had already been united to the carbone

and hydrogene, To as to fonn carbonic acid and

water, it is not probable that the mere expofure

to azote, could have decompofed thefe fub-

flances.

The difference between the arterial and the

venous blood, according to this hypothecs, being

fuppofed to confift principally in the more or

lefs intimate combination of the oxygene, M.
Haffenfratz propofed to obferve the effects which

would be produced, by adding to the blood oxy-

gene in a condenfed ftate ; he employed for this

purpofe the oxygenated muriatic acid. A quan-

tity of it was accordingly poured into fome blood,

when the fluid acquired a deep and almoft black

colour. That this colour depended upon the oxy-

gene, and not upon the muriatic acid, he proved

by performing a fecond experiment, in which he

ufed the common muriatic acid ; the blood in

this cafe was merely rendered brown. From the

effects of the oxygenated acid, he inferred, that

the oxygene, being prefented to the blood in a

condenfed (late, had immediately formed a union

with the hydrogene and carbone, and had confe-

qucntly produced the fame change infiantane-

oufly, which in ordinary circumftances, is only

brought about gradually during the courfe of the

circulation
•
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circulation. M Haffenfratz afterwards filled

a number of tubes with arterial blood, and fealed

them hermetically ; after fome time the blood

became purple, and acquired the venous appear-

ance. The fame action appears to have taken

place in this inltance, between the conftituent

parts of the blood, which is produced in the ca-

pillaries of the aortic fyftem, and it was effected

in a fituation where nothing could be abforbed

by the blood or difcharged from it. The oxygene

which had been previoufly diffolved in the whole

mafs, and had imparted to it the bright fcarlet

colour, afterwards entered into a union with

part of its hydrogene and carbone ; the colour

was changed to a deep purple, and from the

fituation in which the blood was placed, it had

not the power of difcharging the oxidated fub-

flances which it contained, or of attracting a

frefh iupply of oxygene.

Thefe experiments certainly afford a ftrong

confirmation of the truth of M. La Grange's hy-

pothecs, and indeed they may be confidered as

demonftrating that a change in the blood, fimilar

to that which it undergoes in the courfe of the

aortic circulation, may be effected merely by a

different arrangement of its conftituent parts.

Another circumftance in which this hypothecs

poffefles
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poflefles a mod decided fuperiority over the for-

mer, though not noticed by La Grange and Haf-

fenfratz, is the facility with which it accounts for

the introduction into the blood of a regular fupply

of inflammable matter. According to the former

theory, the change from the venous to the arterial

Hate of the blood, depended upon the difcharge

of the fuperfluous inflammable matter, a procefs

efTecled in the capillaries of the lungs ; the blood

was therefore fuppofed to return to the right fide

of the heart deprived of this fubftance, but in

paffing along the minute arterial branches, it ac-

quired ab extra the hydro-carbonous matter, and

was thus brought back to the venous flate : I have

already alledged the objections againft this sup-

pofition. In the hypothefis propofed by M. La
Grange, we may conceive the inflammable matter

to enter the blood during any part of the circu-

lation, as the different dates which this fluid af-

fumes, depend not upon the abfolute quantity of

the fubftances which it contains, but upon the

flate of their combination. The nature of the in-

flammable matter of the blood will be confidered

more fully hereafter, at prefent I mall merely flate,

that the obvious fource of fupply confifts in the
contents of the thoracic duct, which are poured
into the left fubclavian veln.(a)

M. M.
(a) Skey de mat. comlust. sang.
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M. M. La Grange and Haflenfratz, in con-

formity with the opinion of M. Lavoifier, tha

the oxygenous part of the atmofphere only was

employed in refpiration, fuppofed that this gas

alone is abforbed in the lungs. The contrary

opinion is, however, embraced by Mr. Davy.

He obferves, that from the experiments of Priedley

and Cigna it appears, that venous blood can

become florid through a ftratum of ferum, and that

confequently either the whole of the air of the

atmofphere, or the oxygenous part of it, muft be

diflblved by the ferum before it can arrive at the

red particles, fo as to change their colour. He
thinks it probable that the whole air is abforbed

by the ferum, and that in this condenfed ftate, it

is decompofed by the affinity which fubfifts be-

tween oxygene and the red globules. A small

portion of the azote is alfo retained by the blood,

but the greateft part of it is liberated without

undergoing any change, (a)

Dr. Thomfon alfo fuppofes, that the atmo-

fpheric air in its whole fubftance is abforbed,

but that the greateft part of the azote is again

difcharged. In favour of this fuppofition, he

urges the experiments of Dr. Prieftley, and Mr,

Davy,

(a) Researches, p. 44/.



121

Davy, in which a fmall quantity of azote is con-

fumed in refpiration, and alfo the experiments of

the latter upon the refpiration of the nitrous

oxide. As* in this cafe the air of expiration con-

fills of a part only of the gas infpired, mixed

with a quantity of azote, it may be inferred, that

the nitrous oxide is decoinpofed by the blood, a

procefs which both Mr. Davy, and Dr. Thomfon

conceive, can only be brought about by its having

been previoufly difTolved in this fluid, (a) But

the ffote of combination in which the oxygene

and azote exift in the air of tbe atmofpbcre, and

in the nitrous oxide, differs fo confiderably, that

even admitting the abforption of this latter com-

pound by the blood, we fhall not be authorized

to infer, that the fame action will take place with

refpeet: to the former. Upon the whole I think

it probable, that the blood exercifes its attraction

upon the oxygene alone, but that in confequence

of the powerful affinity which a large mafs of one

of thefe gafes poffeifes for a fmall quantity of the

other, the oxygene which is abforbed by the

blood, Hill retains a minute portion of azote in

combination, (b)

it appears then that the change produced in

the

(a) Davys Researches, loc. cit. Thomson's Chemistry,

V. ir. p. 492. Note 50. (b ) Note 51.
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the compofition of the blood, during its paflage

through the lungs is two-fold • a portion of in-

flammable matter is difcharged from it, and a

quantity of oxygene is abforbed. It feems upon

the whole probable, that tbefe changes are

contemporary, and that the abforption of oxy-

gene, and the difcharge of inflammable matter,

at lead in ordinary cafes, proceed in exact: pro-

portion to each other. The immediate effect

upon the blood is to alter its colour from a deep

purple to a bright fcarlet. M. Hafienfratz's ex-

periment, in which arterial blood afliimed the

purple hue, when enclofed in tubes hermetically

fealed, (a) favours the fnppofition, that this change

of colour is more influenced by the prefence of

the oxygene than of the inflammable matter.

As the blood is a heterogeneous fluid, com-

pofed of feveral fubltances, which are loofely con-

nected together, and poflefs different chemical

properties, it has been made a fubject of inquiry,

upon which of its conftituents is the action of the

air more immediately exercifed. Of the two parts

into which the blood feparates by its fpontaneous

coagulation, the craflamentum and the ferum,

the former only has been made the fubjecl: of ex-

periment^

(a) Ann. de Ch'nn. I, ix. p. 269.
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periment, and has been found to effect a diminu-

tion of oxygene, and a production of carbonic

acid gas in the fame manner, as when the entire

mafs of blood is expofed to the action of the air.

From this circumftance, and alfo from the appa-

rent fimilarity of the fcrum to other animal fub-

ftances which are not known to have any fpecific

action upon the air, it is inferred, that the crafla-

mentum is the immediate agent in producing the

change which is brought about in the procefs of

refpiration. The craflamentum itfelf is a com-

pound body, confifting of fi brine and the red

particles, the former of thefe fubftances appears

to poflefs the fame chemical properties with the

mufcular fibre, whereas the red particles are bo-

dies of a peculiar organization, they give the

blood its colour, and by the different fhades

which they affume, afford the principal indica-

tion of the approaches which it makes to the

venous and arterial ftates. On this account it

has been prefumed, that the power of attracting

the oxygene from the atmofphere, refides in the

red particles. The nature, and even the form, of

thefe particles is (till involved in much obfeu-
rity

; there is perhaps no fubject in the whole
range of phyfiology, refpecting which more con-

tradictory opinions have been advanced.^ It

has,

(a) Note 52.
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has, however, been long known that they con-

tain a quantity of iron, and from fome late expe-

riments performed by M. M. Fourcroy and Va-

quelin/aj the iron appears to be united to the

phofphoric acid, the compound ftill retaining an

excefs of the metal in an oxidated ftate. The
other component parts of the red globules have

been examined merely by the vague method of

deftruclive diftillation, from which it can only be

afcertained, that they contain the fame chemical

elements with animal fubftances in general. The

experiments of M. M. Fourcioy and Vaquelin

render it probable, that the colour of the red

particles depends upon the phofphate of iron,

but it is ftill uncertain, whether this metallic

fait pofiefles the property of attracting the oxy-

gene from the atmofphere, or whether this opera-

tion be not rather effected by the red particles in

their whole fubftancc. (b)

Lavoifier was the firfl philofopher, who formed

any accurate idea relpecling the nature of the in-

flammable matter difcharged from the blood. In

his firft memoir in 1777, heconfiders it as com-

pofed entirely of carbonc, but he afterwards con-

ceived that a quantity of hydrogene was alfo dif-

engaged from the blood, and this opinion has

been

(a) Systeme des con. chim. t. ix./>, 152. 0>) Note 53.
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been adopted both by the French and Englifh

phyfiologifts. The firft of thefe efFecls, the

difcharge of carbone from the blood, appears to

be Efficiently eftablifhed ; a quantity of carbo-

nic acid is found in the air after expiration,

which did not previoufly exift in it, while the air

is found to be deprived of part of its oxygene.

Carbonic acid is afcertained to be a compound of

oxygene and carbone, and confequently the oxy-

gene which has difappeared, is fuppofed to be

converted into carbonic acid, by the addition of a

quantity of carbone which has been abftracled

from the blood, (a).

The proof of the difcharge of hydrogene from

the blood is lefs direct. It has been fuppofed, in

the fame manner with the carbone, to be emitted

in combination with oxygene, and it is indeed

true, that a quantity^of water, the fubftance pro-

duced by the union of hydrogene and oxygene,

is expelled along with the air of expiration. But
we may point out another origin for the aqueous
vapour without having recourfe to the hypothecs
of its generation, by the direct union of hydro-
gene and oxygene, either in the lungs, or in the

courfe of the circulation. The inner furface of
the bronchia and air veficles, is lined with a co-

pious

(a) Note 54.
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pious fecretion of a mucous matter, and as the
lungs are continually kept at a temperature of 98 0

,

it may be fufpetfed that the water exhaled from
them proceeds merely from the evaporation of
part of this fluid. As, however, the contrary
opinion is generally received, and is countenanced
by the higheft authorities, it will be proper to ex-
amine upon what foundation it is fupported.

It appears that the difcharge of hydrogene
from the lungs was firft fufpe&ed by Lavoifier,

in confequence of the experiment which he made
upon the refpiration of the guinea-pig in oxy-
genc.faj He was induced to form this conje&ure
by obferving, that a greater quantity of oxygene
had difappeared than what was fufficient to com-
pofe the carbonic acid which was produced, and
he confidered its union with liydrogene, and the

confequent production of water, as the moft pro-

bable method in which the fuperabundant oxygene

could be employed. M. Lavoifier had already,

in a former fet of experiments, noticed, that fome-

what more caloric was difengaged by the procefs

of refpiration than could be afcribed to the for-

mation of the carbonic acid emitted from the

lungs,

(a) Ann. de Chim. t. v. p. 265 j and t. xxi p. 227.

Mem. Soc. Roy. Med. 1782, i;83, p. 574.

t
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lungs, (a) and this difficulty he fuppofed might

alfo be removed, by admitting the formation of a

quantity of water, a procefs in which, as well as

in the generation of carbonic acid, caloric is

evolved. It is evident, that the firft of thefe ar-

guments for the formation of water in the procefs

of refpiration, depends, in a great meafure, upon

the truth of the peculiar theory advanced by M.
Lavoifier, which fuppofes that the oxygene at-

tracts the inflammable matter of the blood during

its p^flage through the lungs, without entering

into that fluid. But according to the hypothefis

advanced by M M. La Grange and Haflenfratz,

the whota of the oxygene employed in refpiration

is conceived tfc be in the firft inftance abforbed

by the blood, and there is no reafon to conclude,

that the exact quantity of this gas, which is re-

ceived into the fyftem by the lungs, is always

difcharged by the fame channel. Even if we
were to admit this to be the cafe, it would Hill

remain to be proved, that the carbone which

enters into the compofition of the carbonic acid,

had previoufly exifted in that ftate of combina-
tion which conftitutes pure charcoal.^ This

fubftance was conceived by Lavoifier to be an ele-

mentary body, and his calculations were formed

upon

(a) Mem. Acad. 1780, p. 405. 17B9. p. 569. (I) Note
.55.
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upon this fuppofition; but the experiments of

Guyton and Tennant, have demonftrated, that

what was formerly confidered as pure carbone,

already contains • 36 of oxygene, and that confc-

quently, carbonic acid conlifts of a greater pro-

portion of oxygene than Lavoifier fuppofed. It

is however unnecefiary to purfue this calculation,

as we are not allured of the truth of the previous

Heps upon which the hypothecs refts.

With refpecl: to the want of correfpondence

between the quantity of caloric evolved in the

lungs, and the carbonic acid generated, although

we might endeavour to remove this difficulty, by

taking into account the caloric difengaged during

the formation of water, provided this circum-

ftance were decifively proved by other evidence,

yet it muft be confefled, that the experiments re-

fpecting animal heat, and the apparatus employed

for meafuring its exact quantity, are of too deli-

cate a nature to ferve as a proof of the fact.

In addition to thefe arguments, which were

urged by M. Lavoifier, to prove the generation

of water in refpiratton, M. Seguin adduces

the experiments of Cigna, Prieftley, and Hamil-

ton, where the fcarlet colour of the arterial

blood was rendered purple by expofure to hydro-

genous
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genous gas. The hydrogene, he fuppofes, is in

this cafe abforbed by the blood, and he con-

cludes, that if the abforption of hydrogene can

convert arterial into venous blood, the difcharge

of this body muft bring it back to the arterial

Hate, (a) I think it a fufficient reply to this ar-

gument to remark, that the fame change in the

colour of arterial blood is brought about by the

application of the azotic and carbonic acid gafes,

and even by placing it in vacuo, (b)

From this view of the arguments which have

been adduced to prove the generation of water

in the lungs, and at the fame time from a confi-

deration of the more obvious fource of the aqueous

exhalation, which is furnifhed by the moifture

always exifting on their furface, I do not hefi-

tate to conclude, againft the authority of Lavoi-

fier,(cj that the difcharge of hydrogene from the

blood has been admitted without fufficient evi-

dence, and that at prefent we have no proof

of the emiffion of any fubftance from this fluid,

depending upon the effects of refpiration, ex-

cept carbone. fdj I regard the water of the pul-

monary exhalation as produced by evaporation

K from

(a) Ann. de Chim. t. xxi. p 225. & seq. (I) Priest-

ley's exper. on Air, v. \\\. p 364. (c) Note 56.

(d) Note 57.
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from the mucous fluid which lines the inner fur-

face of the bronchia and veficles, and which is

feparated from the blood by fecretion ; the water

that is contained in the blood mixed with the

ferum, is poured into it along with the contents

of the thoracic duel:, which are at all times

largely diluted with this fluid, (a)

The arterial has been obferved to differ from

the venous blood, in containing a lefs proportion

of ferum and water, and this difference has been

attributed to the operation of the lungs; (b) but

it may, with more propriety, be afcribed to the

effecls of fecretion and tranfpiration. It is pro-

bable that the blood in its paflTage along the ca-

pillary arteries, is continually parting with its fi-

brine, in order to repair the wafle which the

mufcular fibres experience, and the proportion of

its ferum will be confequently increafed when it

arrives at the veins. On the other hand, during

its paffage through the minute arteries of the

lungs, a quantity of the water which it contained

is employed in forming the muens which lines

the bronchia and veficles, and in fupporting the

pulmonary tranfpiration. In the mean time the

blood has received a frefh fupply of chyle, which

• s is

(*,) Note 58. (I) Richerand, p. 133.
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is the immediate fource whence the fibrine is

produced.

The hypothefis advanced by M. Cuvier, fo^

which fuppofes that refpiration affifts in the con-

verfion of chyle into fibrine, appears to be better

founded. We learn from accurate analyfis, that

there is a greater proportion of azote, and con-

fequently a fmallcr proportion of carbone, in

fibrine than in the chyle, the fubftance from

which the fibrine is formed, fo that in order to

produce this change, it is neceflary to remove

from the chyle a part of its carbone ; but this

we have already found to be one of the principal

effecls produced by the procefs of refpiration. (b)

The thoracic duel pours its contents into the

left fubclavian vein, at a little diftance from the

termination of the venous fyflem in the right

fide of the heart. It has been obferved, that

when the blood arrives at this part of the circu-

lation, the chyle dill exifls in a Hate of imperfect

mixture with this fluid, but that after it has com-

pleted its paflage through the lungs, the globules

of chyle are no longer vifible, and the whole

forms one uniform mafs. This intimate mixture

K 2 of

(a) Lemons d'anat. comp. t. i. p. Q2. (b) Note 5Q.
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of the chyle with the other parts of the blood,

has been confidered as an effect of the refpira-

tion, but I think it more probable, that it is

merely a mechanical operation, produced by the

tranfmiffion of the blood through the minute

network of veffels which compofes the termina-

tion of the pulmonary veins, and the commence-

ment of the correfponding arteries.

The difcbvery of Dr. Black, that bodies

which indicate the fame temperature, are fre-

quently combined with different quantities of ca-

loric, perhaps the moft valuable of all the mo-

dern difcoveries in chemiftry, opened a path to

the explanation of the lingular phenomena of

animal heat. This philofopher had previoufly

examined the change effected in the air by refpi-

ration, and had found it to be in many refpects

limilar to that produced by combuftion ; he ac-

cordingly inferred, that in the fame manner as in

the burning of an inflammable body, an extri-

cation of caloric muft take place in the lungs.

This hypothecs refpecting the origin of animal

heat was, however, advanced by Dr. Black, only

as a plaufible fpeculation, and remained open to

many objections, when Dr. Crawford turned his

attention to the fubject. He performed many ela-

borate experiments to determine the fpecific heat of

a variety
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a variety of different fubftances, and purfuingthe

analogy which had been pointed out by Dr.

Black, between the effects of combuftion and

refpiration, he particularly examined the ftate of

the blood before and after it had paffed through

the lungs. The refult of his labours was the

difcovery of the important fact, that the blood

has its capacity for heat increafed by its conver-

fion from the venous to the arterial rtate, in con-

fequence of the change produced in it by the

action of the air. He determined the capacity

of venous and arterial blood to be in the propor-

tion of 10 to ilj.(a)

As the production of animal heat appears to

be one of the moft important ufes of refpiration,

I mail, in adherence to my propofed plan, defer

to the 4th divifionof this eflay, the farther con-

fideration of this curious part of the animal con-

Ititution. I mail then examine at fome length

the theory of animal heat as originally propofed

hy Dr. Crawford, together with the various mo-

difications which it has received from the inge-

nuity of thofe phyfiologifts who have flill more

recently investigated the fubject.

We have now reviewed in fucceflion the

changes

(a) Observations on Animal heat, p. 277.
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changes which are fuppofed to be effe&ed in the

blood by refpiration. It will be perceived, that

notwithstanding the difcovery of many important

facts, the fubjecT: ftill remains involved in much
obfcurity. This muft be, in a great meafure, at-

tributed to the difficulty of performing experi-

ments upon a fubftance like the blood, compofed

of a number of different ingredients, connected

together by a complicated fyftem of affinities,

which is liable to be difturbed by the operation of

almoft every external body. The difference be-

tween the arterial and the venous blood is rather

inferred from the comparifon of a number of ob-

fervations, that have been made upon the body in

its different ftates, than afcertained by the direct

refult of experiment, and confequently the infor-

mation which we have acquired upon this fubject,

is ftill vague and imperfect. There are, however,

a few points, which the labours of the modern

phyfiologifls fcem to have clearly eftablifhed, and

from the progreffive ftate of chemical fcience,

we have reafon to expect that their number will

gradually increafe.

The prefent ftate of our knowledge, refpect-

ing the change produced on the blood by refpi-

ration, may, I think, be comprized in the fol-

lowing proportions,

l. The
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1 . The blood which is expelled from the right

ventricle of the heart, into the pulmonary artery,

is of a dull purple colour ;
during its paffage

through the capillaries of the lungs, its colour

is converted into a bright fcarlet, in which ftate

it is returned to the left auricle of the heart.

2. The change of colour is effected by the

oxygenous part of the atmofpheric air, which is

received into the veficles of the lungs.

>i .UU!IJ(| "Id", ft}; jo J|l!»l.t*.)ftV ;>nf Ui w>'JIii<f .-TO

3. The blood in palling through the lungs,

emits a quantity of carbone, which is expired

in combination with oxygene, under the form of

carbonic acid gas.

4.* The blood pofTefles an attraction for oxy*-

gene, and during its pafTage along the capillaries

of the lungs, it abforbs a quantity of this fub-

ftance.

5. To one of thefe circumftances, viz. the

emiffion of carbone, and the abforption of oxy-

gene, or to the combination of the two, is to

be afcribed the change from the purple to the

fcarlet colour, which the blood undergoes dur-

ing itspaflage through the lungs.

6. The
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6. The fame change of colour is produced,

when a portion of the clot of venous blood,

is expofed to the adtion of oxygenous gas, and
the procefs is not interrupted by the interpo-

iltion of a moiftened membrane, or a ftratum

of ferum, between the craflamen turn and the

air.

7 When arterial blood is expofed to the

azotic, hydrogenous, or carbonic acid gafes,

or placed in the vacuum of an air pump, it

affumes the purple hue of venous blood.

8. The oxygene, which is, in the firft in-

ftance, loofely combined with the whole mafs of

blood, during the courfe of the circulation, gra-

dually enters into a more intimate union with a

part of its carbone, and forms with it an oxide.

When this oxide is brought back, to the lungs,

it unites with an additional quantity of oxygene,

fo as to form carbonic acid, and is then removed

with the air of expiration.

9. The blood receives its fupply of carbo-

naceous matter from the contents of the tho-

racic duel, which are poured into the left fub-

elavian vein.

JO. It
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10. It has been fuppofcd that, befides the

carbone, a quantity of hydrogene is difcharged

from the blood by the lungs, but, this opinion

appears to have been adopted, without fufficient

foundation.

1 1 . In confequence of the abftraclion of a

quantity of carbone from the blood, the propor-

tion of azote in the refiduum is augmented ; it is

alfo probable, that a fmall quantity of azote is

abforbed by the blood, immediately from the

atmofphere.

12. When blood is converted from the ve-

nous to the arterial ftate, its capacity for heat

becomes increased ; the fpecific heats of venous

and arterial blood are in the proportions of 10

to llf.

13. The blood, in confequence of its paf-

fage through the lungs, appears to have its con-

ftituent parts more uniformly mixed together,

but this effect is to be attributed merely to the

agitation and prefTure which it experiences dur-

ing its courfe through the minute and convo-

luted net-work of veffels which compofe the ca-

pillaries of the lungs.

14. Bendes
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14. Befides the circumftances which have

been enumerated, the arterial differs from the

venous blood, in confequence of the . fubftances

feparated from it to form the different fecretions
;

but thefe changes are not to be attributed to the

effects of refpiration, and it is abfolutely impof-

fible to appreciate their amount.

15. A confiderable quantity of aqueous va-

pour is emitted from the blood, but this is the

effect of tranfpiration, and confifts of water

which had been poured into the blood ready

formed by the thoracic duct, along with the

other products of digeftion and abforption.

CHAP.
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CHAP. IV.

On the respiration of the different Gases.

IT is probable that no aeriform fluid, except the

compound of oxygene and azote which exifts

in the atmofphfcre, is adapted to the permanent

fupport of life. Of the other gafes, there are

Tome, which on account of their irritating na-

ture, it is abfolutely impoffible to receive into

the trachea; thefe properly conllitute the non-

refpirable gafes. There are, however, others

which it is poflible to, infpire, though their em-

ployment is followed fooner or later by the ex-

tinction of life. I fhall detail fome of the prin-

cipal experiments that have been performed on

this fubjecl, as the nature of the change produced

upon the blood by common refpiration may be in

fome meafure illuftrated, by obferving the ef-

fcds
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fects which follow the ufe of the other gafeous

bodies.

Soon after the difcovery of the appropriate

power which the oxygenous part of the atmo-

fphere poffefies, of fupporting animal life, feveral

trials were made of the effects which would re-

mit from breathing it in an unmixed (late. The
accounts given by thofe who were the fubjects of

thefe trials were various ; Dr. Prieftley, who firft

made the experiment, conceived that he felt an

agreeable lightnefs in the cheft/a^ fome perfons

fuppofed that it produced exhilarating effects

upon the fyftem, while others imagined that the

employment of this gas was followed by uneafi-

nefs and pain about the region of the thorax.

Thefe different fenfations muft be attributed in a

great degree to the effects of imagination ; in

part, however, they may be afcribed to the gas

which was employed in the earlier period of the

pneumatic experiments having been often in an

impure ftate, mixed with acid, acrid, or metallic

particles.^ A difference in the effects produ-

ced by the refpiration of the gas, ought perhaps

in fome degree alfo, to be imputed to the manner

in which it was received into the lungs, whether

only

(a) Observ. on Air, v. ii. p. 162. (I) Note 60.
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only in fmall quantities, or by deep and laborious

infpirations, and whether it was employed in a

condenfed or a rarified ftate.

As Dr. Prieftley was the firft perfon who him-

ielf refpired oxygenous gas, fo he was likewife

the firft who obferved the effects which it produ-

ced upon animals altogether immerfed in it. His

experiments were performed upon mice ; they de-

cidedly proved the fuperior power which this gas

poflefles of fupporting animal life, but no other

certain conclufions can be deduced from thcm.fa)

M. Lavoifier afterwards turned his attention to

this fubjeel, and in the experiments upon guinea-

pigs, to which I have already referred, he noticed

with more accuracy the effects refulting from the

refpiration of oxygene. He examined the ftate

of the internal organs of animals which had been

for fome time confined in this gas, and he con-

ceived that a degree of rednefs and turgefcence

of the vefTels was produced, and other effects

which indicated that the fanguiferous fyftem had

been in a ftate of encreafed action.^ There is,

however, reafon to infer, that in this cafe, either

the gas employed was in an impure ftate, or that

there were fome circumftances attending the fkua-

tion

(a) Note 61. (b) Mem. Soc. Roy. Med. 1782,

3783. p. 576.
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tion of the animals, or the manner in which the

experiment was conducted, which affected the re-

fill ts; for the fame philofopher, in the fubfequent

memoir of 17 89, where there appears to have

been the greateft attention to accuracy, and where

the moft perfect apparatus was employed, forms

entirely oppofite conclufions. In this paper, we

are informed, that he confined guinea-pigs in pure

oxygene, and in mixtures of oxygene and azote,

in different proportions, until the former confli-

cted only one-fifteenth part of the compound.

In all thefe cafes, he found that the fame quantity

of oxygene was confumed, a circumftance, he

obferves, in which refpiration differs remarkably

from combuftion, though in many refpects, thefe

operations are fimilar to each other. The effects

produced upon the animals were precifely the

fame, whether they were confined in pure oxy-

gene, or in any of the mixtures of it, except

that when the proportion of azote was very large,

they exhibited marks of drowfinefs. The author

expreflly informs us, that neither the temperature

nor the circulation were in any refpects affected

by the infpiration of pure oxygene for the fpace

of feveral days, faJ Thefe experiments muft be

confidered as very valuable ; there is no reafon to

doubt

(a) Note 62.
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doubt their accuracy, and they may be relied on

with more confidence, as the author feems to

have had no peculiar theory in view when lie per-

formed them ; indeed the refults are different

from what we might previoufly have ex peeled,

and are unfavourable to the analogy which La-

voifier had always endeavoured to etlablifh between

refpiration and combufiion.

We have an account given by Dr. Higgins of

the refpiration of pure oxygene by the human

fubject ; in one experiment, thirty-eight pints of

this gas were refpired without interruption. No
inconvenience was experienced, a fenfe of Warmth

was, however, produced in the cheft, and the

pulfe was confiSerably quickened .(a) From the

experiments of M. Lavoifier, I am induced to

conjecture, that this encreafed rapidity of the

circulation mud be attributed rather to the greater

efforts which almott neceflarily attend refpiration

when continued for any length of time in the

way in which it was performed in this procefs,

than to the effects of the application of the

increafed quantity of oxygene to the lungs. Dr.

Hi ggins, in a 2d experiment, breathed a quantity

of oxygene under an additional preffure, and

by

(a) Minutes of a Society, &c. p. 144—6.
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by very full infpirations. He conceived that by

thefe means its confumption was much promot-

ed,^ but more numerous and accurate ex peri-

riments will be required before this inference can

be fairly eftablifhed.

In the year 1794, Dr. Beddoes publifhed

his experiments upon this fubjecl:. They were

performed upon rabbits, and the attention was

principally directed to an examination of the

flate of the internal organs of the animal, after

it had been fubje&ed for fome time to the influ-

ence of pure oxygene. The author commences

his inquiry, by flating, that " Dr. Prieftley and
S( M. Lavoifier, found animals either to die or to

" become exceedingly ill in fuch air," (oxygene

little diluted) " while it continues more oxidated

" than the atmofphere." (b) There is no reference

made to any particular pafTage in the writings of

thefe philofophers, but from the extracts which

I have given, it would appear that their fenti-

ments are altogether of an oppofite nature.^

Dr. Beddoes quotes the earlier experiments of

M. Lavoifier, but the later and more decifive

ones in the memoir of 1789 are not noticed.

It is on the contrary taken for granted, that when

an

(a) Minutes of a Society, &c. p. 152. (I) Beddoes on

fact. Airs, pt. i. p. 13. (c) See Notes 61 and 62.
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an animal has been for fome time confined in air,

which contains a greater proportion of oxygene

than the atmofphere, the body becomes, as he

exprefles it, oxygenated He had previoufly

formed an hypothefis refpecling the operation of

oxygene upon the fyftem, according to which the

long continued infpiration of it was fuppofed to

induce an inflammatory ftate, and he accordingly

found indications of this peculiar condition in

every part which he examined. The lungs were

florid, and in fome places they were marked

with livid fpots, the pleura was inflamed, the heart

retained its irritability for a longer fpace of time

than ufual, the blood coagulated more rapidly,

and the liver was of a lighter colour than ordinary.

The whole fyfl£m was, as it were, fo completely

faturated with oxygene, that the immerfion in

hydrogenous gas, and in water, did not deftroy

the animals, until after a longer interval than

ufual ; a facl which remarkably coincided with

the theory refpecling the caufe of death in fub-

merfion, which the author had previoufly formed.

The great difference between the refults of thefe

experiments, and thofe of M Lavoifier, will

appear the more remarkable when we confider,

that in the experiments of the latter, the animals

were expofed to the influence of the oxygene

for feveral days, whereas thofe of Dr. Beddoes

L occupied,
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occupied a much fhorter fpace of time. Indeed

we are expre% informed, that the air in which

the animal had been confined, " feemed to

" have fuffered little diminution either in quan-

" tity or quality,"^ notwithstanding which,

thefe lingular changes were induced upon the

body. It is impoffible to reconcile opinions and

experiments, fo contradictory as thofe which I

have related ; our judgment muft in fuch in«

fiances be guided partly by the general character

for correctnefs and impartiality which we attach

to the works of the refpective authors, and

partly by comparing them with the refults of

experiments which in any degree refemble them.

We are indebted to Mr. Davy for fome inter-

efting experiments upon the refpiration of oxy-

gene, which appear to have been performed with

his accuftomed corre6lnefs. He fuppofes that

life is finally deftroyefl by the long-continued em-

ployment ,of this gas, and refers for the proof of

his opinion, not only to the refults of his own ex-

periments, but to thofe of Dr. Beddoes and M.

Lavoifier. He does not, however, notice any par-

ticular paflage in the works of this latter author,

and conlidering the very direct nature, both of

his

(*) Btddoes on Airs, pt. i. p. l6.



147

his experiments and opinions upon this point, it

may be conjectured, that Mr. Davy has been in-

advertently miflcd by the aiTertions of Dr. Bed-

does. Indeed Mr. Davy's own experiments ap-

pear to lead to conclufions diametrically oppofite

to thofe of Dr. Beddoes. He refpired the fame

portion of oxygene for feveral fucceffive times,

and then accurately ascertained the exact quan-

tity of it which had been confumed, and of car-

bonic acid which had. been generated, when he

found, that both thefe quantities were lefs than in

the ordinary refpiration of atmofpheric air, he

obtained the fame n--Cults when mice were made

*he fubjects of his experiments.^ It appears

therefore, that in this inftance, if any alteration

be produced in the fyftem, it rauft arife rather

from a deficiency than from an excefs of oxygene.

But notwithftanding the attention with which

thefe experiments appear to have been conducted,

an objection may, I think, be urged againft them

from the erroneous eftimate which Mr. Davy

formed of the capacity of the thorax in a Hate of

complete expiration, a datum which is employed

in the calculation of the quantity of oxygene

left after the procefs. (bj

From the review of the experiments which

L 2 have

Ca) Researches, p. 444. (I) Note 68
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have been made upon the fubject, I think myfelf

juftified in concluding, that we have not yet

any direct proof that the refpiration of oxygene

is injurious to the animal oeconomy. It is, how-

ever, not impoffible that it may be the cafe,,

were the gas applied to the lungs for a fufficient

length of time, but we have no ground either

from experiment or obfervation, to enable us to

determine what peculiar morbid action would be

induced.

Among the remaining refpirable gafes, that

which appears to be the lealt injurious to the liv-

ing body is the oxide of azote. This aeriform

fluid was firft difcovered by Dr. Prieftley, and

was by him fuppofed to be " in the higheft de-

<£ gree noxious to animals."^ The fociety of

Dutch chemifts, who afterwards examined its

properties with more accuracy, coincided v^ith

Dr. Prieftley, as to its effects upon animal life, (b)

The experiment was, however, repeated by Mr.

Davy, and he difcovered not only that this gas

may be refpired for a fhort time without inconve-

nience, but that the employment of it is fuc-

ceeded by a lingular excitement of the nervous

fyftem, which differs from that produced by alco-

* hoi

(aJ Olserv. on Air, v. ii. p. 65. (b) Journ. de Phys

t. xJiii. p. 329
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hoi and opium, in not inducing a fubfequent

ftate of exhaullion. Mr. Davy has alfo proved,

that it is abforbed by the blood in confiderable

quantity, and he imagines that it is decompofed

by this fluid, faj I have already ventured to ex-

prefs my doubts as to the correclnefs of this

latter conclufion. (bj

Hydrogenous gas has been frequently refpir-

td,(cj and it is now pretty generally agreed, that

it is altogether paflive when received into the

lungs, and that death fucceeds the employment

of it in confequence of the exclufion of oxygene,

in the fame manner as by fufFocation, or drown-

ing. M. Lavoifier diftinclly afcertained this

fact, in his experiments related in the memoir of

* 789, and it has been fince confirmed by Mr.

Davy, (d) It muft be remarked, however, that a

contrary opinion refpecting the effects produced

by the refpiration of hydrogene has been main-

tained by fome eminent chemifts, even by Dr.

Prieftley himfelf;^ but his experiments were

made in the earlier period of the pneumatic

chemiftry,

(a) Researches, p. 4Qg, & seg. (IJ See Note 50.

(c) Scheele on Air and Fire, p. \QQ..Fontana, Phil. Trans.

1779> &f Journal de Phys. t. x\..Pilatre de Rozier, Journ.

de Phys. t. xxviii. p. 425. (d) Researches, p. 466.

(ej Ohserv. »n Air, v, i. p. 229.
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chemiftry, when the gafes were frequently em-

ployed in an impure ftate, and the experiments

of Mr. Davy, clearly demonflrate that hydro-

genous gas produces different effects upon the fyf-

tem, according to the fubftances from which it

is procured.^

The experiments that have been made upon

the fubject of azotic gas are few and imperfect

;

it has been generally fuppofed, that it exercifes

no noxious effects upon the blood, but like hy-

drogene, deftroys life ftmply by preventing the

accefs of oxygene. Dr. Higgins indeed remarks,

that an animal dies fooner when immerfed in this

gas, than from the iimple interruption to refpi-

raiion, (bj but we are not informed upon what

data this opinion is founded. Mr. Davy likewife

experienced the fenfe of fuffocation more fpee-

diiy from the ufe of azote, than from that of

hydrogene, but it appears that the gas employed

in the experiment contained a quantity of carbo-

nic -ddd.fcj to. which we ma}', with great proba-

bility, afcribe its noxious effects ; and the fame

pliilofopher, when fpeaking in general terms of

the action of azote in refpiration, feems to confi-

der it. as merely excluding oxygene. (d) This

opinion

(a) Researches, Joe. cit. (I) Minutes of a Society,

&c. p. 133. (c) Researches, p. 466. (d) Do, p. 334.
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opinion is adopted by Dr. Thomfon, (a) and was

uniformly maintained by M. Lavoifier. (b) It

would certainly appear reafonable to conclude a

priori, that a fubftance which enters fo largely

into the composition of the atmofphere,; and

which confequently compbfes fo great a propor-

tion of the contents of the lungs, could not

exercife any noxious effects upon the animal

lyflem.

The only remaining gas which is capable of

being received into the lungs, is the carbonated

hydrogene or hydrocarbone. If it be infpired

in an undiluted ftate, it is followed by initant

death, and wljen employed in fmall quantity only,

mixed with atmofpheric air or with oxygene, if it

be ufed for any length of time, it induces vertigo,

dimnefs of fight, convulfions, lofs of fenfation,

and in fhort, every fymptom of approaching

diffolution. It evidently acts more rapidly and

powerfully than thofe gafes which merely exclude

oxygene from the blood, and muft confequendy

be considered as exercifing a politively noxious

influence upon the animal oeconomy. Thefe fa-

tal effects have been attributed by fome authors to

its fuddenly abftra&ing all the loofe oxygene from

the

(a) Chemistry, v. nr. p. 492. (h) Mem, Acad. 1789.

p. 574. & alibi.
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the blood, and thus completely depriving that

fluid of the property by which it fupports the ir-

ritability of the mufcular fibres of the heart and

arteries. To this hypothefis it may be objected,

that the hydro carbonous gas does not in other

cafes appear to poflefs that powerful attraction for

o ygene, which could induce fo rapid a change

in the compofition of the blood ; and it may be

farther urged, that if it be taken into the lungs,

mixed with a quantity of oxygenous gas, pro-

vided it be not too much diluted, it will (till be

found to produce its accuflomed fatal effects.

The noxious influence of this gas is, I conceive,

with more propriety referable to its action upon

the nervous fyftem, upon which it produces di-

rectly sedative effects, fa)

All the remaining gafes are found to be Itrictly

non-refpirable, i. e. incapable of being admitted

into the trachea. It is obvious that this muft be

the cafe with the irritating acid or alcaline gases,

and with the nitrous gas, which during its paflage

into the lungs, muft unavoidably be brought into

contact with oxygene, and thus produce nitrous

acid vapour The only fubftance refpecting the

refpirability of which there could be any doubt, is

the

Note 64.
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the carbonic acid gas, which, though poffefied of

the decided characteristics of an acid, exhibit!

them in a much (lighter degree than that in which

they generally exift. The impoffibility of taking it

into the lungs, even by the molt powerful volun-

tary efforts, when it compofes a large proportion

of the air, was however proved by the experi-

ments of M. Pilatre de Roz'ier, faj executed with

that intrepidity which formed fo remarkable a

trait in the character of this philofopher*

With thefe remarks I fhall conclude the fe-

cond divifion of my fubject, and at the fame time,

the prefent volume. The third part of the efiay, in

which I propofe to treat of the different affections

of refpiration, mutt principally confitt of original

obfervations and experiments, and though I have

made fome progrefs in them, they are ftill in too

imperfect a ftate to meet the public eye. Phyfio-

logifts have in general been more inclined to form

hypothefes than to execute experiments, and it

has neceffarily enfued from this unfortunate pro-

penfity, that their fcience has advanced more
llowly than almoft any other department of natu-

ral philofophy. The fubject of refpiration has

indeed of late attracted the attention of the

chemifts,

(a.) Journ. de Phys. t. xxviii. p. 422. # $eq.
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chemifts, and its phenomena have been invefti-

gated with confiderable affiduity. A proportional

advancement in our knowledge has been con-

fequently produced, but there ftill remain many

queftions to be folved, and many difficulties to be

removed. Some of thefe difficulties have ap-

peared in thofe parts of the fubject which have

pafled under our review, but they will be found

to exift in much greater number in the remaining

divirions; How far it will be in my power to re-

move any of them, it would at prefent be pre-

fumptuous in me to determine, though I think

myfelf juftified in auguring favourably of the

events of my experiments, from the interefting

remits of thole which I havo already performed.

NOTES.



NOTES.

Note I.

M. CUVIER ftates, that there are fome very

imperfect antmals, in which no appearance of re-

fpiratory organs has yet been difcovered \(a) but

wc are induced by analogy to fufpecl, that in

thefe cafes, future and more accurate obfervations

will enable us to detedl the apparatus by which a

function is performed, which feems abfclutely ef-

fential to the exiftence of animal life.

In conformity with the cuftora of the modern

phyfiologifts, the word refpiration is here em-

ployed to fignify that operation by which the

blood and the air are enabled to a6l upon each

other,

(1) Lemons d'Jnutomie Compftree, t. i. p. 42.
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other, though, according to the etymology of

the term, it ought only to he applied to thofe ani-

mals that are furnifhed with lungs. The ne-

ceffity of oxygene for the fupport of the life of

fifh, was firft difcovered by Dr. Prieftley (a); it has

been fince confirmed by Sig. Carradori^ and

others.

A good delcription of the comparative ana-

tomy of the organs of refpiration may be found in

Mr. John Bell's Anatomy, vol. ii. c. 3.

• - " Note IH. >Pr^

It has been imagined by fome phyfiologifts,

that infects differed from other animals in the

chemical change which their refpiration produced

in the air, but this opinion is proved to be er-

roneous by the experiments of Vauquelin. (c)

'"tapai*<KH * ' ;

Note IV.
,**

This idea refpecling the termination of the

bronchia,

(a) Experiments on Air, v. iii p 382—7. (b) Ann.

de Chimie, t. xxix. p. 17L 2. (c) Ann. de Chim.

t. xii. p. 273.
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bronchia, which is generally adopted by the

modern anatomifts, refts altogether, or in a great

meafnre, upon the microfcopical obfervations of

Malpighi. Succeeding phyfiologifts have not

been able to trace this minute ftru&ure, and

fome authors of refpe&ability have not fcrupled

to deny its exigence. Among others, Helvetius

endeavours to prove that the bronchia terminate

in a cellular or fpongy tiflue, compofed of a de-

licate or membranous fubftance, the cells of which

have no determinate figure, or regular connexion

with each other, (a) There is indeed every reafou

to fuppofe with Chefelden, (7>y> that Willis and

other fubfequent anatomifts, who have defcribed

and delineated diftincl, rounded veficles, have

exceeded the limits of accurate obfervation. Mai-

pighi, upon whofe authority the belief of the

exiftence of this peculiar ftruclure is founded,

exprefles himfelf in the following manner, " Dili-

" genti indagine inveni totam pulmonum molem,
" quae vafis excurrentibus appenditur, efte aggre-

" gatum quid ex leviffimis & tenuiflimis mem-
;
' branis, quae extenfae & finuatae pene infinitas

" vesiculas orbiculares, & finuofas efformant, vc-

" Wti in apum favis alveolis ab extenfa cera in
<f parietes confpicimus." And again, " mem-
" branae iftae veficulae videntur efFormari ex de-

" finentia

raJ Mem. /tctd. 17 18. (b) Chmldcn's Anatomy, p. 173
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" finentia trachea?, quae extremitate, et lateribus

" in ampullofos finus facefTens, ab his in fpatia,

" & veficulas inaequales terminatur.'Y«j This

defcription by no means conveys the idea of the

regularly rounded veficle, which has been adopted

by fucceeding anatomifls, and is delineated by

Willis. (b) The analogy of the frog and tortoife

is certainly in favour of the opinion of Helvetius
;

the fhuclure of their lungs, which is lefs minute,

evidently difcovers the termination of the bron-

chia to be a congeries of irregular, membranous

cavities. Haller, with his accuftomed candour,

after Hating the oppofite authorities, conferTes

that he was at one time inclined to doubt the

generally received opinion, although he after-

wards faw reafon to acquiefce in the doctrine of

Malpighi.fcj M. Dumas, who gives a full ac-

count of the different opinions that have been

entertained upon this fubje<5t, feems inclined to

adopt an intermediate one between that of Hel-

vetius and Haller. (clj

Note V.

Many phyfiologifts, fanclioned by the autho-

rity

(a) Epist. de pulm.i. (h) Pharm. Rat. sect. i. cap:

i. ; Tab. 3. (c) El. Phys. viii. 2. 29, 30. & Notce ad

Boer. Prcelect. t. ii. p. 154, 5. (d) El. Phys. t. iii. p.
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rity of Galea and Harvey, have fuppofed, that

there was a quantity of air contained between

the lungs and the thorax; Hoadleyfo^ and

Hales(b) endeavoured to prove this point by ex-

periment. Indeed fo prevalent was this opinion,

even half a century ago, that Haller thought it

necefTary to apologize for embracing the oppofite

lide of the queftion ; his philofophic language on

the occafion deferves to be quoted. " Candide,

" nulla parte wi roboris dilfimulata,adverfariorum

" argumenta propofui ; fuperat, ut oftendam,

" cur ab iis aut aucloritatibus, aut experimentis

" non pafTus lim me perfuaderi. Neque enim

" hie quid-quam valuit aut praeceptoris mei gra~

" tia, aut adfinis mei, adque earn ufque primam
" illam Boerhaavianae fententiae propugnationem

" fatis amici, Hamburgeri odium, neque concern

" tationis inde natae tasdium ; neque ulla. certe

i( caufa mei difTentiendi eft, praeter ea, quae

" nunc produco, rationum momenta. Neque me
" malus pudor retinuerit. Facile enim video ii-

" quidem contrariam meae opinionem expenfam

" praeponderare fentirem, veram me gratiam,
u linceramque laudem, apud candidos virtutis

" aeftimatores meriturum, ft ex longo opere,

" quod in astatem durare velim, errorem etiam

" fero

(a) Lectures on Respiration, chap. i. (b) Statical

Essays, v. ii. p. 81.
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" feroadgnitumprofcriberem.'Y^ Many anato-

mifts and phyfiologifts of the firft rcfpeclability

conceived that they had detected fmall pores in

the velicles of the lungs, which permitted a part

of the air in them to tranfude into the cavity of

the thorax, between the pleurae ; (b) but later ob-
" fervations have decided againfl the exiftence of

thefe paffages.

,u^;.Note VI.

The opinions of* the mod: learned amongft

the ancients refpecling the nature and ufe of the

diaphragm, are very remote from the ideas which

we now entertain upon this fubjecl. Fabricius

feems to have been the firft who clearly pointed

out its mufcularity, and its great importance in

the act of refpiration. (c) Some anatomifls,

among others Senacfc^ and Winflow, (e) from

the connexion of the centre of the diaphragm

with the parietes of the thorax and the mediafti-

num, were led to fuppofe, that this part remained

immovable, and that it was the fides of it only

which had their pofition changed by the contrac-

tion

(a) Haller, viii. 2. 5. Dumas, t. iii. p. 423. & seq. (b)

Boerhaave Prcelect. t. v. pars. i. p. 22. (c) Fabricii Op. De

Resp. c. 8. &c. (d) Mem. Acad. 1724, £tf i;2<).

(e) Mem. Acad 1738.
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1

tion of its muicular fibres ; but Haller, and

moft of the modern anatomifts conceive that the

whole of the diaphragm is lowered during infpi-

ration, (a) although it is generally admitted,

dial the degree of motion in the centre is lefs

coiillvierable.

Note VII.

The contefts of anatomifts on this fubject

have been at leaft as violent, as refpecling the ex-

igence of air in the cavity of the thorax \(b)

Haller prefaces his account of the controverfy

with the following remark :
" Multo plus de

" iftorum mufculorum officio dubitationis ab

" omni tempore futt, cumque acres inimicitias

u harum carnium actio mihi coijciverit, accura-

" tius erit in hac quaeftione verfandum : at in-

" terim lieeat, inter miferias vita? humanae etiam

" iftam deploraire, potuiffe ob res adeo ab omni

" utilitate propria, atque confervatione noftri

if remotas, tantas iras, tantafque & tarn acer-

" bas nobis intentare lites."^ The older ana-

tomifts generally fuppofed from the fituation and

flruclure of the intercoftals, that the externals by

their contraction increafe the capacity of the

cheft, and confequently ferve for infpiration, but

that the internals on the contrary diminifh the

M cavity

(aJ Haller, viii. 1. 36. (I) Dumas, t. iii. p.

492—0. (c) Haller, viii. 1. 13.
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cavity of the thorax. This opinion has been adopt-

ed by feme of the more modern phyfiologifts
; (a)

fo late as the year 1778, Sabatier, both from

obfervations made upon human fubjects who had

received wounds in the thorax, and from experi-

ments performed for the exprefs purpofe upon

dogs, concludes that the action of the intercof-

tals, both external and internal, tends to con-

tract the cheft, and that they therefore belong

to the mufcles of expiration, (b) The contrary

opinion, that both fets of intercoftals ferve for

infpiration, was firft ftarted by Mayow \(c) Hal-

, ler ftrenuoufly defended it, and at prefent this

opinion is generally received. He forms a com-

parative eftimate of the increase of capacity which

the thorax receives from the action of the dia-

phragm and of the intercoftals. (d) The fame

author remarks, after Winflow and Senac, that

the action of the intercoftals is principally ufeful

in thofe cafes where, from any accidental caufe:

the contraction of the diaphragm is impeded.

From an accurate inflection of the Ikeleton;

and from obfervations made upon the living

body

(a) Hoadley's Lectures, p. 8. (I) Mem. Acad. 1778

Richerand, El. phys. p. 138. (c) Tract, quinque, p;.

278, & seq. (d) Boer. Prtelect. t. v. pars i.p.94—

9

El. phys. viii. 4. 6.
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body, anatomifts are, for the moft part, agreed

in fuppofing, that there is fome difference in the

manner in which the function of refpiration is

carried on in the male and female fex ; the for-

mer appearing to make more ufe of the dia-

phragm, and the latter of the mufcles about the

thorax, (a) It is fcarcely neceflary to remark,

that by this variation of ftruclure, the impedi-

ments to refpiration, which would otherwife have

been produced by a flate of pregnancy, are in a

confiderable degree obviated.

Window feems to have committed a miftake

in fpeaking of the opinion of Fabricius, refpect-

ing the intercoftals ; he fays, " J^b aquapendente

" (Fabricius) avoit des l'an 15Q9, tre"s bien de-

" montre, que les mufcles internes & externes

u concourent enfemble a la meme action, e'eft-a-

" dire, a lever les cotes.''(h) Fabricius himfelf

employs the following words :
" Quapropter dica-

mus nos mufculos externos intercoftales cofta-

* rum dilatare, internos vero contrahere, pluri-
:f bus adducti turn aucloritatibus, turn rationi-

*' bus.'YcJ And again, " Concludenduntigitur
" eft externos intercoftales thoracem dilatare, iri-

" ternos vero contrahere."^ Haller has alfo

M 2 fallen

(a) Boer. Prelect, t. v. p. 145. (b) Mtm. Acad. 1738,

(c) Falricii, Op. p. 17Q. (i) Ditto, p. 177,
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fallen into the fame inaccuracy with refpeft to

this author, (a

J

Note VIII.

The celebrated Boyle appears to have been

the firft, who pointed out the real caufe of the

influx of the air into the lungs, when the capa-

city of the thorax is increafed. (b) Some good

obfervations were alfo made upon this fubjecl by

his contemporaries, Sylvius,^ Borelli, (d) and

Mayow. (e) Succeeding phyfiologifts for the moft

part acquiefced in the opinion of Boyle, though

fome of them, not contented with his fimple

explanation, have perplexed by their fubtle hy-

pothefes, a fubjecl in itfelf fufhciently intelligi-

ble.^ The procefs is briefly, yet clearly, de-

tailed by Haller in the following fentence. " Si

" pulmonem, & una peclus, dilataveris, ut aer

<f pulmonalium veficularum in amplius fpatium

" diffufus rarefcat, pro portione, qua is aer at--

" mofphaera incumbente rarior fit, pro ea co-

" lumna aerea in eum pulmonem defcendet, eo»

" celerius,

(a) El. phys. viii. I. 14. (h) Boyle's Works, v. i. p.

gg. tsf seq. fcj Franc, de le Boe Sylvii Opera, p. 16.

(d) De Motu Anim. p. 2. prop. 82, 83. fej Tract: quin-

que, p. 271. & seq. (f) Baglivi Op. p. 454. Hoadley's

Lectures, p 12. Brmend, Mem. Acad, 1739.
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" celcrius, quo differentia denfitatum major

* crit."

The firft operation therefore is the expanfion

of the thorax, which is effected by mufcular con-

traction ; as there is no air between the pleurae,

the Jungs act as if fufpended in a vacuum ; they

confequently follow the expanfion of the thorax,

and the external air rufhes into the veficles, as

into the partially exhaufted receiver of an air

pump, when a communication is formed with

the atmofphere. The air enters the lungs be-

caufe they are expanded ; the lungs are not, as

was formerly imagined, puttied open by the force

of the air rufhing into them, (a/

Note IX.

Many of the older anatomifts fuppofed, that

the lungs were endowed with a certain innate

power of motion, by which the alternations of

expanfion and contraction might be carried on,

independently of the change in the capacity of
the cavity containing them. They even attempt-

ed to eftablifh this pofition by experiment ; but
in thefe inftances there mull have been fome

fallacy.

(aJ Boer, prcel. t. \. pars i. p. 15. 49, 50.
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fallacy. We know of no method in which ani-

mal motion can be produced, except by the con-

traction of the mufcular fibre, and though a

mufcular ftruc~lure in the veficles has been con-

fidently afferted by fome writers of eminence,^

later and more accurate obfervations have de-

cided againft its exiftence. Helvetius has even

endeavoured to prove, that the fibres which are

obferved between the rings of the trachea, and the

larger branches of the bronchia, are not mufcu-

lar,^ but their mufcularity is admitted by

Winflow, Haller, and moll other eminent anato-

mifts. (c) The lungs, in common with other bo-

dies compofed of cellular texture, pofTefs a de-

gree of elasticity, by means of which, when

ftretched beyond a certain limit, they will re-aet.

and expel part of their contents. In the procefs

of refpiration, however, they are entirely paffive,

as they always remain in complete contact with

the parictcs of the thorax.

Notwithstanding thefe confederations, which

have very generally induced the modern phyfiolo-

gifts to difcard the idea of motion, originating

in

(a) Willis, pharm. Rat. p. g. Malpighi, Phil. Trans.

1671. Bremond, Mem. Acad. 1739. (I) Mem. Acad.

1718. fcj IVinslow's Anat. Sect. 9. §. 133. Haller, Phys.

Tiii. 2. 12.
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in the lungs thcmfelves, it appears, from the fol-

lowing paflliges in the Zoonomia, that Dr. Dar-

win ftill adheres to the old opinion, as he directly

attributes their action to a caufe independent of

the contraction of the diaphragm or mufcles of

the thorax. " By the ftimulus of the blood in

the right chamber of the heart, the lungs are

" induced to expand themfelves, and the pecto-

u
ral and intercoftal mufcles, and the diaphragm,

" ad at the fame timo by their afTociations with

" them." (a) And again, "to thefe increafed

" actions of the air cells, are fuperadded thofe of

" the intercoftal mufcles and diaphragm, by irri-

" tative aflbciation." (b)

$

M. Dumas alfo adopts the fame opinion,

and conjectures, that the lungs are poflefied of

an innate power of motion ; he even exprefles

his concurrence in the hypothecs of M. Brc-

mond, who inferred from one of his experi-

ments, that the contraction and dilatation of the

lungs alternated with that of the thorax, and

confequently muft depend upon fome other

caufe. (c)

When the lungs are removed from the body,

and

(a) Zoonomia, v.i.p.AO. (I) Ditto, v.u.p.50.
fc) El. phys. t. iii. 440, 1

.
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and the pafihge into the trachea remains open,

they gradually become collapfcd, and are contract-

ed into a final let* fpace than they occupied whilft

in the cavity of the thorax. This has been ge-

nerally afcribed to the re-action of their elaftic

cartilages and membranes, which, in confequence

Of the preffure of the internal air, not being ba-

lanced by any air between the pleurae, had been,

while in the body, retained in a flate of over-

diftention. Boerhaave and his commentator Hal-

ler, attribute part at lean: of this effect to the

contraction of the mufcular fibres of the tra-

chea and bronchia
;
(a) but it may be obferved in

oppofition to fuch great authorities, that the con-

tractile power of the lungs, remains for a long

time after their removal from the body, and can-

not therefore with propriety, be afcribed to a

eaufe which muft ceafe with the vitality of the

part.

NoteX.

An elaborate account of thefe mufcles, and

of the effects produced upon the thorax by their

contraction, will be found in Boer, prelect, t. v.

pars i. p. 126—144, and Haller viii. 1. 17—31..

The

(a) Boer, prcelect. t. v. pars i. p. 6.
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The moft eminent anatomifts have differed in

opinion, refpc#ing the degree of motion which

the ribs excrcife in refpiration ; while fome au-

thors, with Borelli (a) have conceived the a&ion

of the intcrcoftals to be effential, others have ad-

duced inftances in which the cartilages of the

ribs were completely offified, without any confe-

ijuent impediment to this function, (b) It is alfo

acknowledged, that in the molt accurate obfer-

vations and experiments upon the living body,

the motion of the ribs was fcarcely vifible to the

rye. Upon the whole, it feems the moft probable,

that they are nearly at reft in ordinary refpiration,

but that in the moft violent aclion^of the tho-

rax, or in cafes where the contra6lion of the dia-

phragm is impeded by accident or difeafe, they

are employed to compenfate for the deficiencies

of this organ. But though there has been fome

difference of opinion reflecting the degree of

the motion of the ribs, and the occaftons on

which

fa) Borelli, p.il. prop. 84. (b) JVinslow Mem. Acad.

17383 Fabricius de JResp. c. x. sub finem j Haller quotes

Cheselden
y osteog. c. iii. as recording fome cafes where no

injury was produced to the refpiration by anchylofes of the

ribs; but this appears to be an overfight; Chefelden fays,

" I have twice found them" (the cartilages which join the

ribs and fternum) " totally offified in men between 40 and
" 50 years of age, both of which died with a great dinV
*' culty of breathing."
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which it is exerted, it is unanimoufly acknow-

ledged, that the mechanifm of their articulations

is peculiarly admirable. According to the obfer-

vation of Bellini, the thorax is increafed in all

its dimenfions, while its figure remains unchang-

ed, (a)

The authors who have treated this fubjeel:

with the moft accuracy are, Borelli, p. ii. prop.

81—95. Senac, Mem. Acad. 1J24. tVinslow,

ibid. 1720 & 1/38. Boer. Jnslit. 6l5 ; pre-

lect, passim, flatter, phys. lib. \m. passim. Du-

mas, El. phys. t. iii. p. 429—434.

Note XI.

An account of the various cftimates which

were formed by the older phyliologifts may be

found in Haller, El. phys. viii. 4. 6.

Note XII.

Thefe eftimates were formed from perfons

who had died of difeafe, the capacity of the

lungs after hanging he found to be confiderably

greater; the average taken from experiments

made

fa) Lemm. 11.
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made upon three bodies, was 260 cubic inches.

The author, however, obferves, that fear always

produces a dot p infpiration, and that on this ac-

count, in confequence of the peculiar circum-

ftances of their death, their lungs would be in a

irate of extraordinary distention . (a) Mr. Cole-

man, on 'he contrary, from an experiment made

for the exprefs puipofe upon a dog, concludes,

that after hanging, the lungs contain only a very

fmall quantity of air. (b) During the violent

ftruggles which precede death, he fuppofes that

the animal retains the power of expelling air from

the trachea, though the preflure of the cord pre-

vents any from being received. My friend Dr.

Skey, in order to obviate the apparent contradic-

tion between Dr. Goodwyn's and Mr. Coleman's

experiments, fuggefted that the lungs of a man
after hanging rnuft contain more than their ufual

quantity of air, becaufe from the effe&s of terror,

a full infpiration would be made immediately be-

fore death, and the air thus received muft be, for

the moft part, retained by the prefTure of the

cord, while in an animal unconfeious of its ap-

proaching fate, it will be a matter of accident

whether the lungs were in a ftate of infpiration or

expiration at the moment of death. But I think

that

fa) Goodwyn, p. 25, 26. (*>)p.97, 8.
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that this idea, though ingenious, is fcarccly fuf-

ficient to remove the difficulty. The capacity of

the lungs in the three criminals examined by Dr.

Goodvvyn, coincides very nearly with the eftimate

of the ordinary capacity of the thorax, deduced

from another method of calculation. We muft

therefore either fuppofe, that in hanging, thecom-

preflion of the trachea is produced fo Hidden ly as

to retain the thorax in its ordinary itate of diften-

tion, or if we conceive that an additional quantity

of air is received from the efFecls of fear, we

mutt conclude that it is expelled at the moment

when the fenfe of fuffocation firft begins to be

experienced, but that the pafTage being almoft

inftantly clofed, prevents the farther evacuation

of the lungs. Upon the whole, I am inclined to

the latter fuppofition.

With refpeel: to Mr. Coleman's opinion, he

informs us that " this experiment was often re-

" peated, and fometimes fca^cely any air could be

" exprefTed from the lungs." " In all inftances,

" the quantity of air that remained was very in-

" confiderable."X The uniformity of the refults

teems fcarcely compatible with Dr. Skey's fuppo-

fition. Mr. Coleman ftates the following propo-

fitions among the general conclufions which he

deduces from his experiments.
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" 20\ That where refpiration is fufpended,

w from ordinary hanging, the animal has the

" power of expelling air from the lungs.

" 27. That although the mufcles of expira-

" tion perform their office, no power can be ap-

" plied to open the trachea to admit air.

" 28. That as no air can be received, the

" animal dies with the fame collapfe of the lungs

" from hanging as from drowning."

In fpeaking of the capacity of the thorax in

its different ftates of diftention, Mr Davy remarks

that, " Dr. Goodwyn, in his excellent work on

" the connexion of life with refpiration, has de-

" tailed fome experiments on the capacity of the

tc lungs after natural expiration. He makes the

" medium capacity of the lungs about I Op cubic

" inches, which agrees very well with my eftima-

" tion. "fa,/ But this ftatement of Dr. Good-

wyn's opinion is not correct ; in the part to which

Mr. Davy refers, Dr. Goodwyn fays, " we fhall

" for the prefent adopt the medium • quantity of

" thefe latter experiments, and fay that the lungs

" of the human fubject contain log cubic. inches
u of air after complete expiration.""(b)

Note

(a) Researches, p, 411. fbj Goodvtyn, p. 2f.
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Note Xlir.

I have fixed the quantity of air which can

be expelled from the lungs, after an ordinary ex-

piration, at 170 cubic inches, becaufe this is

nearly the average of the eftimates which have,

been given by different authors, and alfo be-

caufe I find, that it coincides with fome trials

which I have myfelf made upon the lungs of dif-

ferent individuals. The opinion of Mr. Kite on

this fubjec% feem to be evidently incorrect. " I

<f find," he fays, " by repeated experiments,

" that a perfon in health, and in a flate of per-

t(
feci: reft, ufually refpires about 17 cubic inches

" of air ; but, at the end of the expiration, there

*' ftill continues in the lungs 87 cubic inches,"

&c. (a) From the above quotation it appears,

that he either entirely overlooked the quantity

which we are now inveftigating, or confounded it

with the air remaining after a complete expiration'.

Note XIV.

Mr. Davy indeed remarks, that " as moft

" gafes, though of different fpecific gravities

" when brought into contact with each other,

affume

(a) Essays, p. 47.
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" aflume fome fort of union, it is more than

tt probable, that gas infpired into the lungs, from

u being placed in contael with the residual gas

" on fo extend ve a furface, mult inftantly min-

" gle with it." (a) But in oppofition to this

argument, we have the direct experiments of M.

Jurine, who found the carbonic acid to exift in

very different proportions in the different parts of

the bronchial veflels. (b) Yet the gafes naturally

contained in the lungs, poflefs many circum-

ftances favourable to their equable diffufion, which

would not operate in the cafe of the hydrogene

refpired by Mr. Davy. The perpetual motion

which the lungs experience, the gradual pro-

duction of the carbonic acid, the length of time*

during which it remains in contact with the

other gafes, would all tend to promote its uni-

form mixture with tkem. It may likewife be

remarked, that carbonic acid, though confidera-

bly heavier than the conftituents of the atmo-

fphere, differs lefs from them in fpeciflc gravity

than the hydrogenous gas. From the experi-

ments of Fontana, we learn alfo, that hydroge-
nous gas, even when mixed in a glafs jar with

oxygene or common air, does not diffufe itfelf

equally through the veflel, but remains in a

greater

fa) Researches, p. £06—7. (I)' Eric. Meth. Metftcine
t. i. p. 4Q4.

*
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greater proportion in the upper part of it. (a)

Dr. Higgins informs us, that when an animal is

confined for fome time in a jar of air, the carbo-

nic acid is found to exift in greater quantity in

the lower than in the upper part of the veflejj. (h)

In the two experiments on the refpiration of hy-

drogene, related by Mr. Davy, there is a differ-

ence in the rcfults of about part
;
(c) when

the larger quantity of hydrogene was employed,

the capacity of the lungs appeared greater, be-

caufe a larger quantity of the gas being forced

into the veficles, a greater proportion of the re-

fidual air was neceflarily expelled.

With refpecl to Mr. Davy's eftimatc of a

lingle infpiration, although in the experiments

made with the mercurial apparatus, he fixes it at

13 inches, in another part of the eflay, he in-

forms us, that his lungs in a ftate of natural in-

fpiration. contain 135 inches, and of natural ex-

piration 1 1 8 inches ; but the difference between

thefe quantities, which will meafure the bulk

of a fingle infpiration, is 17 cubic inches.^

NoteXV.

Borelli remarks, that both from the fhape and

texture

(a) Phil. Trans. 1779. p. 358. (bj Minutes of a So-

ciety, &e. p. 136. (e) Researches, p. 402—6. fdj Re-

searches, p. 410.
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texture of the bronchia, and the manner in which

the diaphragm acls, it is evident that the lungs

cannot expel nearly all the air which they con-

tained/a) Hallcr conceives it impoffible that the

lungs can be contracted even to one half of their

natural dimenfions, unlefs when removed from

the thorax, and deprived of air by the operation

of boiling//",1

Note XVI.

The tendency which water has to alTume the

aeriform ftate, when it is freed from external pref-

fure, is well illullrated by M. Gay-LiuTac (c) and

by Mr. l)alton/dJ in their refpective efiays upon

the dilatation of the gaffes. From the experiments

which were performed by many of the older phy-

fiologifts upon different animal fubftances placed

in the vacuum of the air-pump, we learn, that the

blood and the mucous fecretions poffefs the power

of extricating gas in a much greater degree than

water.

Note XVII.

This method of explaining the refults of Mr.

N Coleman's

(a) De Motu Anim. p. 2. prop. gi. (b) Phys. viii. 4. 11.

(c) Ann. de Chin t. xliii. (dj Manchester Mem. v. v.
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Coleman's experiments was, I believe, flrft point-

ed out by Mr. Allen in his le&ures.

Note XVIII.

In eflimating the bulk of a fingle infpiration

at 40 cubic inches, I have been principally in-

fluenced by the experiments of Dr. Menzies, as

they appear to be the molt accurate in their exe-

cution, the leaft exceptionable with refpect to the

nature of the procefles employed, and the moft

numerous and varied of any that have been per-

formed upon this fubject. In favor of this opinion

we have alfo the authority ofJurine, Sauvages, fa)

Halts/b) HaWer
s (cJ Blumenbach, (d) Chaptal, (e)

and Bell \(f) Richerand, (°) alfo eflimates the bulk

of a fingle infpiration at between 30 and 40 cubic

inches, and Fontana (h) at 35.

Note XIX.

There is fcarcely any opinion in phyfiology,

however abfurd it may at firft view appear, which

has not found fome fupporters ; and accordingly

it

(a) Haller, viii. 4. 6. '(I) Statical Essays, v. i. p.

238. CO El. Phys. viii. 4. 6. (d) Instit. Phys. p.

113.
"

(e) Chemistry, v. i. p. 133. (f) Anatomy, v.

ii. p. 193. cs) phy s
' -p- u?' <H* phil Tran9'

m9> p- 349.
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it appears that arguments have been urged to prove

that the foetus breathes whilft in the uterus, (a)

. Note XX.

This is the hypothefis which is advanced by

Haller in the El. Phys. viii. 5, 2 ; in his notes

upon Boerhaave, which were publifhed at an

earlier period, he fuppofes that the fir{l refpiration

is produced by the cry of the animal, in confe-

quence of the unpleafant feelings which it expe-

riences immediately after birth, from cold, pref-

fure, &c. (b) This, however, cannot be consider-

ed as any explanation of the phenomenon, as it is

evident, that there muft have been a previous in-

fpiration before theory could have been produced.

Note XXI.

I conrider an inftinctive action to be one which

is attended with fenfation, and directed to fome

ufeful purpofe, but which has been derived

neither from experience, obfervation, nor tradi-

tion.

Note XXII.

Though it is undefirable to occupy the attention

N 1 with

fa) Haller, xxix. 4. 54: Whytt on Vital Motions, sect.

9. Boyle's Works, v. i. p. Hq, (b)Picclect. t. v. p. ii, p, 45Q.
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with exploded theories, yet as a part of the hiftory

of fcience, it is in some degree ncceflary, and in

many cafes highly interefting,to take acurfory view

of the doctrines that have been fupported by men
of celebrity, and which for a time have enjoyed a

fhare of popularity. For this reafon I fhall fub-

join a fhort Iketch of feveral different hypothefes,

that have been formed to account for the firft in-

fpiration, and for the fubfequent alternation of in-

fpiration and expiration, betides thofe, which, in

confideration of their own fuperior merit, or the

more diftinguifhed celebrity of their refpeclive

authors, I have thought proper to admit into the

body of the work.

1. With refpecl to the caufe of the com-

mencement of refpiration ;

Borelli imagined that the blood in its pafTage

through the lungs, received from the air certain

particles, which by communicating to it a vibratory

or ofcillatory motion, adapted it for the purpofes

of life, and rendered it proper for fupporting the

circulation. The blood of the foetus, he fup-

pofed, acquires thefe particles from the blood of

the mother, but that as foon as the communica-

tion is defiroyed between them, it becomes ne-

cefiary
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ceflary for the fame action to be performed by

the lungs of the young animal itfelf. fa)

Pitcairne conceived it to be a general law

of the animal ceconomy, that a mufcle which is

without an antagonift, muft perpetually undergo

an alternation of relaxation and contraction, and as

the force of the mufcles of infpiration fo far ex-

ceeds that of the mufcles of expiration, he con-

fiders the diaphragm and intercoftals as without

antagonifts, and applying his general hypothecs

to the peculiar cafe of the action of the thorax,

he fuppofes that the alternate aclion of the

diaphragm muft commence immediately after

birth, (b) h . \ :

Petit conjectures, that the animal fpirits are,

from the firft exiftence of the foetus, flowing

downwards into the mufcles of refpiration, and
tending to produce their contraction ; but that

in confcqnence of the prelTure which the animal

experiences while in the uterus, thefe mufcles are

not at liberty to act. As foon however, as the

pofition of the new-born animal permits this ef-

fect to be produced, the thorax becomes enlarged
from the contraction of the diaphragm and inter-

coll a Is,

(a] De Motu Anim, pars ii. prop. 1 18. (I) Dissert

p. 62.
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coftals, and the air confequently rufhes into the

veficles.^

Boerhaave imagines it a fufficient folutiori of

this difficulty to ftate, that the foetus in the

time of birth, in confequence of its ftruggles,

puts all its mufcles into action, and among others

the diaphragm. From this caufe the thorax be-

comes expanded, and the air rufhes into it : the

blood then flows through the veflfeis of the lungs,

and refpi ration ever after proceeds as in the

adult animal.fi )

The method employed by Dr. Hartley to

account for the commencement of refpiration,

bears a confiderable refemblance to the hypothe-

fis of Boerhaave. He fuppofes that refpiration

and crying are excited in the new-born child

from the cold, handling of the midwife, and

other vivid fenfations, imprefled immediately upon

its coming into the world. Thefe fenfations tend

to throw the whole fyftem of mufcles into aclion,

and in thofe cafes, where there are antagonifts,

the flronger will overcome the weaker, and

contraction will be confequently produced in

them, (c)

According

(a) Mem. Acad. 1733. (I) Instit. §. 6g\. (c) Ob-

servations on Man, v. i. p. 95.
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According to M. Buffbn, when the animal

leaves the uterus, the air acls upon all the or-

gans of fenfation, but particularly upon the olfac-

tory nerves. They are by this means flimulated,

^nd the animal makes an attempt to fneezc ; the

cavity of the cheft is thus enlarged, and the air

has liberty to flow into the lungs, and the veficles

become dilated. But the air which is received

into them has its temperature increafed, and being

expanded, caufes the re-aclion of the fibres of

the veficles, which forces it again out of the

chefl. (a)

Prof. Blumenbach fuppofes, that upon the

ftoppage of the circulation between the mother

and the foetus, a fenfe of fufFocation is experi-

enced by the latter. This circumftance, toge-

ther with the external cold, and the other new
ftimuli to which the body is expofed, caufes a

variety of motions to take place, and among
others the dilatation of the cheft, and thus pro-

duces the firfl infpiration. (b)

2. With refpeel to the immediate caufe of
the fucceffive alternations of infpiration and expi-

ration ;

Some

(u) Nat. Hist. t. ii. p. 446. (I) Instit. Phys. p. U7
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Some of the attempts that have been made to

rcfolve this problem, as thofe of Willis and Pit-

cairne, have proceeded upon the aflumption of

principles, altogether incontinent with the actual

laws of the animal ceconomy. The former of

thefe authors conceived, that during mufcular

contraction, the animal fpirits are conveyed from

the tendon to the fibres of the mufcle itfelf, and

in the fubfequent relaxation return into the ten-

don. In the animal functions this operation is

fuppofed to be under the power of the will, but

in the mufcles fubfervient to the natural functions,

the changes are effected independently of the

will, in regular alternation. He attributes the

difference in the operation of thefe parts, to the

origin whence they derive their nerves, which in

the former cafe proceed from the cerebrum, and

in the latter from the cerebellum.^

Pitcairne imagined that all mufcles which are

without antagonifts, are necefTarily in a perpetual

ftate of alternate contraction and relaxation, an

effect which he afcribes to the interrupted influx

of the animal fpirits into thefe mufcles, in con-

fequence of the alternate compreffion which the

brain experiences from the dilatation of the

arteries. (a)
The

(a) Pharm. Rat. p. 18. (b) Dissert, p. 62.
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The learned mathematicians Borelli and Bel-

lini, limply ftate the neceflity of this regular

action to the exiftence of the animal, and ap-

pear to reft fatisfied with pointing out its final

caufe. (a)

Other phyfiologiits have endeavoured to ac-

count for the phenomenon, by fome circum-

ftance in the ftruclure, or mechanical action of

the thorax, or of the parts contained in it. Dr.

Martine explains the action of the organs of

refpiration, by fuppofing, that the lungs, when

in a ltate of diftention, comprefs the phrenic

nerve, and thus produce a relaxation of the dia-

phragm and intercoftals, to which thefe nerves

communicate fenfibility. (b)

A peculiar theory was adopted by Boerhaave

to explain this phenomenon ; he imagined that

in the ftate of full infpiration, the lungs were fo

much diftended as not to permit the blood to be

tranfmitted through them with its accuftomed

facility. Lefs blood will therefore be received by

the left ventricle, and confequently lefs. Tent to

the cerebellum, and to the nerves which are" dif-

tributed to the organs of refpiration ; hence arifes

a deficiency

fa) Boielli,p. ii prop, 1 17. Bc'lini, Lem. 18. (I) Eclin.

Med. Esiays, v. i.
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a deficiency of the action of thofe parts, and a

confequent relaxation of the mufcles which

ferve to increafe the lize of the thorax. The
diftended {late of the thorax being removed, the

blood has liberty to flow freely into the left ven-

tricle, and is confequently fent in its proper pro-

portion to the cerebellum, it therefore excites

the mufcles of infpiration to contract, and brings

back the lungs to their former condition, (a)

Dr. Hartley applied his doctrine of vibra-

tions to the folution of this problem. He con-

ceives that his peculiar theory explains in an

eafy manner, the propenfity to alternate contrac-

tion and relaxation, which is obferved in many of

the mufcles, and upon this general principle, he

endeavours to explain the action of the dia-

phragm ; he however attributes the effect: in

part to affociation or habit, and in part alfo to

impreffions made upon the pleura and perito*-

naeum, exciting vibrations in them which are

communicated to the diaphragm and mufcles of

the abdomen, (b)

I have ftated the opinion of Profeffor Blu-

menbach, refpecting the caufe of the firft infpi-

ration ;

(a) Instil, it. 6)9, 620. (b) Olserv. on Man, v. I p. 9®-
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ration ; in confequencc of this action, the lungs

become dilated, and the blood flows through

them. The air and the blood then act upon each

other, and the former of thefe fubftances under-

goes that peculiar change, which renders it un-

fit for the farther fupport of life. It is then dis-

charged from the lungs, in confequence of the

efforts of the vis medicatrix naturae, " naturae

" medicatricis conaminibus," and makes room

for the influx of a new portion jof air. (a)

Dr. Darwin has not formally propofed any

hypothecs, to account for the alternations of

refpiration, but it may be inferred from fame

expreffions in the Zoonomia, that he confidered

the actions of infpiration and expiration to fuc-

ceed each other in confequence of aflbciation.

To this explanation of the phenomenon, it may
be objected, that according to the definition of

the author himfelf, a complicated feries of actions

can only become aflbciated together " by habit ;

" L e. by frequent repetition" (a) But the

young animal, from the firft inftant of its birth,

poflMTes as complete a power over the mufcles of

refpiration, as it ever acquires during the courfe

of its exiftence. Thofe cafes, in which for a

few

(a) Instit. phys, p. liy. (I) Zoonomia, v. i. p. 13.
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few moments, a difficulty has occurred in the

commencement of refpiration, are to be referred

to a mechanical obftruclion in the trachea, pre-

venting the accefs of the air, or to fome other

accidental circumftance, for they are by no

means of frequent occurrence, and they are in

general immediately relieved by a change of pof-

ture, or by the removal of mucus from the fauces.

The actions which are acknowledged to be com-

pofed of a number of affociated motions, fuch as

dancing, or playing upon a mufical inftrument,

though many of them lefs complicated than the

act of refpiration, can only be acquired by long

practice, and by repeated efforts of attention.

Noto XXIII.

The celebrated Harvey, feems to have been

the firft who ftated, that the aclion of the heart

and lungs are totally independent of each other.

He however imagines, that the pafTage of the

blood along the pulmonary velfels, is aflifted by

the motion of the thorax, (a)

The connexion which was fuppofed by fome

of the older writers, to exift between the motions

of

(a) De Motu Cord: p. 11. 71.77-
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of the heart and the diaphragm, depended upon

the ftructure or mechanical action of thefe organs.

The learned author of the Zoonomia, who has

adopted the idea of this connexion, has deduced

it from that general law of the animal ceconomv,

by which motions that are frequently repeated in

fucceffion, acquire the power of recurring in the

fame order, independently of the original excit-

ing caufe. Dr. Darwin obferves, that " innu-

" merable trains or tribes of other motions are

" aflbciated with thefe mufcular motions which

" are excited by irritation ; as by the fiimulus of

" the blood in the right chamber of the heart,

" the lungs are induced to expand themfelves."^J
But it may be remarked, in oppolition to this flip-

pofed aflbciation, between the motions of the

heart and the lungs, that in the foetus the heart

commences its contractions immediately upon its

formation, while the lungs remain perfectly. at

reft. When the animal leaves the uterus, the

motion of the lungs commences, but the periods

of the contraction of the diaphragm bear no de-

terminate ratio to thofe of the fyftole of the heart.

The frequency of the pulfe is often increafed or

diminifhed far beyond its accuftomed ftandard,

while little alteration is produced in the motion

of

(a) Zoonomia, vol. i. p. 40.
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of the diaphragm. The action of both thefe

organs, however, depends upon the quantity and

the quality of the blood tranfmitted to them,

and any affection of this fluid, will of courfe in-

fluence both the circulation and the refpiration.

Thefe functions alfo both depend ultimately

upon the contraction of the mufcular fibre, and

are therefore equally liable to experience an al-

teration, from any circumftance which affects the

ftate of the irritability or the fenlibility of the

fyftem. But it is obvious that thefe changes,

though contemporary and proportional, do not

depend upon aflbciation ; they are produced by

an aflignable caufe, operating directly upon each

feparate organ,, diftinct from the effects of repe-

tition or habit. Were it not foreign to my pre-

fent fubject, it would not, I think, be difficult

to fhew, that a fimilar objection may be urged

againfl many parts of the phyfiology and patho-

logy of the Zoonomia, and particularly againit

the fympathetic theory of fever.

Mr. Hunter, fuppofes the exigence of this

Sympathy, or aflbciation, between the motions of

the heart and the lungs, (a) and the fame opinion

appears to be adopted by Dr. Currie. (b)

Note

(a) Hunter on the Blood, p. 54. (I) Med. Reports

p. 75.
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Note XXIV.

Helvetius, Senac, Winflow, &c. Boerhaavc,

however, conceived that the lungs were ren-

dered lei's capable of tranfmitting the blood dur-

ing the ftate of full infpiration, and from the fup-

pofed effects of this retardation, he deduced his

hypothe/is to account for the alternations of

refpjration.

Note XXV.

The celebrated experiment exhibited byHooke,,

before the Royal Society, in which, after the mo-

tion of the heart had ceafed, it was reproduced

by inflating the lungs, has been adduced to

prove, that by infpiration the lungs are rendered

pervious to the blood, (a) but it muft be conli-

dered that in this cafe, the thorax was laid en-

tirely open, and confequently, when the lungs

were not forcibly diftended, they would collapfe

fo much as almoft entirely to obliterate the cavi-

ties of the bronchia and veficles.

Note XXVI.

Morgagni, relates a cafe, in which, upon' ex-

amining

(a) Haller, viii.4. 12.
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amining after death, a considerable quantity of
ferous fluid was found in the cavity of the tho-
rax, yet the pulfe had not been previoufly af-

fected, nor had any impediment to the circulati-

on been obferved during the life of the patient, (a)

Note XXVII.

The experiments and obfervations of Mr.
Colernan, upon the impermeable ftate of the

lungs in drowned animals, will more proper-

ly fall under our confideration in a fubfequent

part of the eflay.

Note XXVIII.

It has been obferved, that when from any

accidental caufe, a portion of the cranium is re-

moved, an alternate elevation and depreffion of

the brain is vilible to the eye, correfponding

with expiration and infpiration. This effect has

been attributed to the refinance which the blood

experiences to its paflage through the lungs in a

ilate of expiration ; a ftagnation is thus brought

about in the right fide of the heart, and confe-

quemly a lefs free difcharge from the veins, on

which

(a) Seats and causes of Diseases, v. i. p. 408, 9.
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which account, in a highly vafcular part, an in-

creafe of bulk will be produced ; this is removed

by the depletion of the veins, when the lungs

from the enlargement of the thorax become again

more completely pervious to the tranfmiffion of

the blood. There feems no reafon to doubt that

this phenomenon has been occafionally obferved,

and it is probable that it depends upon the caufe

afligned above. But it muft be remarked, that

in thofe inftances, in whicb fo great an injury is

received by the cranium, the refpiration is ne-

ceffarily rendered laborious, the air is received

into the lungs after long intervals, and confe-

quently in an increafed quantity, (a) \

Jftt^i s' "wmU. -Hat ;
' -j

Mote XXIX.

It has been afked, why are the lacleals fur-

niftied with valves, while the veins which pafs

along the fame vifcera, and are conveying their

contents in the fame direction, are not provided

with' them. One caufe of this difference in

ftruc~lure is obvious ; the chyle, not being poffef-

fed of any vis a tergo when it enters the lacleals,

is propelled along them folely by the contraction

of their mufcular fibres, and the efYe£l of this

O mufcular

(a) Haller, vi. 4.9; viii. 4. 11. 27.

fe^JV^« ****** —^ , f
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mufcular contraction is evidently increafed by
the prefence of the valves. When, on the con-

trary, the blood enters the abdominal veins, it

retains a degree of velocity which is fufficient

to carry it along them, and though its progrefs

might have been accelerated by the addition of

valves, we mull conclude that its prefent velo-

city is the beft adapted to the wants of the fyftem.

Note XXX.

I confklcr the abfolute neglect into which

the works of Mayow had fallen in this country,

until they were again brought to light about 20

years ago, as one of the moft curious circum-

ftances in the hiftory of modern fcience. He
lived at a period when the cultivation of natural

philofophy was beginning to be popular, and

after it had been fanctioned by feveral illuftrious

examples. The atmofphere had alfo been made

a particular object of attention, and the difcovery

of the air-pump had enabled Boyle and others

to make very important advances in the know-

ledge of its properties. Mayow's ftile is fuffici-

ently clear and perfpicuous ; although there are

many hypothefes advanced in his eflays, fome of

which are founded upon the falfe philofophy then

prevalent, yet they contain lefs theory and more

experiments
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experiments, than the writings of ahnoft any of

his contemporaries. The neglecl of Mayow's

works will appear more lingular, when we con-

fider, that they ifiiied from the prefs of Oxford,

of which Univerfity he was himfelf a member,

and that at the time of their publication, they

appear to have been pretty generally read, and to

have made as much impreflion as could, at that

period, be reafonably expected. They palled

through three or more editions in the fpace of a

few years, the whole or a part was republifhed

on the continent, and they are frequently quoted

by the phyfiologifts and anatomifls, who lived

about the conclufion of the 17th century. By
fome flrange and unaccountable fatality, they

afterwards funk into almoft complete oblivion,

and more efpecially in his native country, they

came at length to be abfolutely forgotten. He
is only twice referred to by Dr. Hales, (a) and

then in fuch a manner, as to render it doubtful

whether he had feen his works, and in the dif-

courfe delivered by Sir John Pringle before the

Royal Society, upon the aflignment of Sir God-
frey Copley's medal to Dr. Prieftley, which com-
mences with a lketch of the difcoveries that had

been made in the fcience of aerology, previous

Al ° 3^ ^iftyiVr r . to

(a) Statical Essays, v. i, p. 23<i £5* 236,



ig6 Note 30.

to the period when this philofophcr entered upon
his experiments, the name of Mayow is not

mentioned.^

On the continent, although little eftimated,

and feldom referred to, his works were occasion-

ally quoted, and Haller in particular, certainly

appears to have been acquainted with them.

They were firft again brought into notice in this

country by Dr. Reinhold Forfter, who prefixed

a fhort account of Mayow's doctrines; to his

tranflation of Scheele's effay on air and fire.

The viciflitudes of Mayow's reputation, afford

a Unking inftance of the tendency which exifts

in the human mind, to fly from one extreme to

the oppofite excefs. When his works were thus

brought before the public, his caufe was eagerly

embraced by different writers, his merits were

exalted to the higheft rank, and it was aflerted,

that he had anticipated the mod valuable difcove-

ries of Scheele, Prieftley and Lavoifier. (b) But

a calm invefligation of the fubjecl, will, I con-

ceive, lead us to a very different conclufion. We

(a) Discourses, p. 1—20. (I) See particularly Dr.

Beddoes's pamphlet, entitled, " Chemical experiments and

« opinions, extracted from a work publimed in the laft

" cen.tury."
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fliall, indeed, find in this author many marks of.

real and original genius, and it is evident, that

on fome points, he extended his views beyond

thofe of any of his contemporaries. It muft,

however, be confefled, that the real addition

which he made to the general ftock of know-

ledge was not very great. He endeavoured tc»

prove, that there was fomething in the atmo-

fphere, which was an immediate agent in the

procefles of combuftion and refpiration ; but

this had been long ago aflerted by others, and

when he comes afterwards to explain more in

detail, his ideas refpecting the intimate nature of

this peculiar matter, he evidently {hews that he

had not any conception of the fubftance to which

we now afcribe thefe phenomena. He is even

doubtful, whether it forms an efTcntial part of

the air, and upon the whole inclines to the nega-

tive fide of the queftion. In order to account

for the alteration produced in the air by its re-

moval, he adopts an hypothefis to the laft degree

fanciful, according to which it confifts in fome
mechanical change in the configuration of its

particles, which principally operates in diminifhing,,

its elafticity. He imagines that this matter enterW

into the compofition of the nitrous, and otheij

acids, and that it gives them the peculiar properj

ties which belong to this clafs of bodies, but hi

alii
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alfo fuppofes, that the fame fubflance is a compo-

nent part of the alcalis, and is the immediate

caufe of their caufticity, and thus decifively proves

that he had no accurate conception of the mo-

dern doctrines refpecting the conftitution of acids.

As to the fubject of refpiration in particular,

when fpeaking of the action which the air exer-

cifes upon the blood, he has recourfe to the ex-

ploded doctrine of fermentation ; he fuppofes that

the particles of the air and of the blood, when

brought into contact, are rubbed againft each

other, in confequence of which, the former are

deprived of that fpirit to which they owe their

elaftioity. I think that an attentive perufal of

Mayow's works will convince the difpaffionate

reader, that there is no fubflance which has been

difcovered by the modern chemifts, that can per-

form the various effects which are attributed by

this author to his nitro-aereal fpirit.

Perhaps the moft important of Mayow's ob-

fervations, are thofe refpecting the m'echanifm of

refpiration, and particularly the very decided

manner in which he ftates that the external and

internal intercoftals are equally fubfervient to the

enlargement of the thorax. The ingenious ex-

periment, however, where the action of the lungs

is
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is illuftrated by comparing them to a bladder in-

clofed in a pair of bellows, though brought for-

wards by Mayow as original, (a) is mentioned

by Boyle in the mofl explicit manner, as what

was already familiar to every one, and the con-

clufions which he deduces from it, are precifely

frmilar to thofe formed by Mayow. (b) There

-is one department, where the genius of Mayow
was peculiarly fuccefsful, by which, it is proba-

ble, he might have materially promoted the ad-

vancement of fcience, had a greater degree of

attention been beftowed upon his writings; I

refer to the contrivance of his apparatus and the

execution of his experiments. In thefe refpedts

he may be conlidered as far excelling any of his

contemporaries, and as at leail equal to any che-

mift before the time of Scheele and Prieftley.

In forming an eftimate of the merits of
Mayow, it is eflential to obferve, that a theory of
combuftion, almoft precifely fimilar to that adopt-
ed by this philofopher, had been a few years be-
fore publifhed by Dr. Hooke, of which it is

fcarcely poffible that Mayow could have been
ignorant

; it is however, not noticed by him.
It appears, indeed, that Hooke has the advan-

tage,

(a) Traclatus qmnqui, p. 274, 5. (V) Works, vol,
i.p. 101.
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tage, not only with refpeft to originality, but

likewife in the accuracy and fimplicity of his

hypothecs. According to ProfefFor Robifon,

Mayow's exhibition of Hooke's doctrine is,

u obfeure, complicated, and wavering, mixed
" with much mechanical nonfenfe, of wedges,
<( and darts, and motions, according to the

" fathion of the times. Hooke's conception of

" the fubject, is clear, fimple and Heady." (a)

Dr. Thomfon pafTes a fimilar judgment upon

Mayow ; he bears ample teftimony to the ori-

ginality and accuracy of his experiments, but he

adds, that " his reafoning is for the moll part

" abfurd, and the additions which he made to

" the theory of Hooke are exceedingly extrava-

" gant.'Y^ Dr. Yeats has treated largely upon

the writings of Mayow, but has, in my opinion,

very far over- rated their merit. He exprefsly at-

tributes to him the difcovery of oxygene, and fup-

pofes, *.hat he was accurately acquainted with all its

properties.(c) M. Fourcroy has publifhed a can-

did and judicious account of Mayow in the Enc.

Method, (d) which was afterwards inferted in the

Annales de Chimie.(e) In examining the writ-

ings

(a) Black's Lectures by Rolison, v. i. p. 535, 6.

(I) Thomson's Chemistry, v. i. p. 347. (c) Observa-

tions on the claims of the Moderns, &c. p. U, & alibi,

(d) Chimie, t. ill p. 390. (e) t, xxix.



Note 3 1

.

'201

ings of the older chemifts and phyfiologifts, it

is necefiary to remember, that expreffions which

appear to coincide remarkably with the modern

difcoveries, would not fugged the idea of thefe

difcoveries- to one who was previoufly unac-

quainted with them. It has accordingly hap-

pened in feveral inftances, that the modern doc-

trines have been fuppofed to be detected in

books, where their exigence was not fufpedted,

until thefe doctrines had been deduced from the

experiments and reafonings of the chemifts of the

prefent period.

Note XXXI.

Dr. Black made this difcovery by breathing

through lime water, or the folution of a cauftic

alkali, when he found that the lime was preci-

pitated, and the alkali rendered mild ; effects

which he attributed to fixed air emitted from

the lungs ; he confequently conceived, that the

change produced by refpiration upon wholefome

air, confifts principally in the converfion of part

of it into fixed air. It appears that he made

thefe difcoveries in the year 1 757, and it may be

inferred, that they were about the fame time

publicly announced in his lectures, (a)

Note

(a) Black's Lectures, ly Rolison, v. ii. p. 87.
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Note XXXII.

Befides the oxygenous and azotic gaffes, a

fmall quantity of carbonic acid gas, feldom ex-

ceeding *01, has been found to exift in the

atmofphere, and is fo conftantly prefent in all

the different fituations in which the experiment

has been tried, that it probably ought to be con-

fidered as one 'of its conflituent parts .fa) The

aqueous vapour, on the other hand, is perpe-

tually varying in its proportion, and feems evi-

dently to be an extraneous body, depending for

its formation upon accidental caufes. The pro-

portion of oxygene which was indicated in the

experiments of Scheele and Prieftley, and in the

more accurate examination of the atmofphere,

which was afterwards made by Lavoifier, (b) is

greater than that dated in the text. But the pro-

cefs of Eudiometry has undergone of late confi-

dcrable improvements, and the very accurate expe-

riments of Berthollet, (c) De Marti, (d) and Da-

vy, (e) agree in indicating the proportion of oxy-

gene

(a) Saussure, voyage dans les Alps, t. vii. c. 6, jJ. 2010.

Uuvilolt, Journal de Phys. t. xxxxvii. p. 202. Encyc.

Meth. Cidmie, Air, t. i. p. 745. (I) Elem. of Chem.

chap. 3. p. 8(5. (c) Ann. de Chim. t. xxxiv. p. 73 &
seq. (d) Journal de Phys. t. Hi. p. i;3. & seq. (ej Ni-

cholsons Joum, v. y. p. 1/5.
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gene to azote to be nearly as 22 to 78. Thcfc

quantities mull be confidered as referring to the

volume of the two gaffes ; their proportional

weights are fomewhat different, and will be as

26 to 74 nearly, (a) M. Fourcroy, however, in

his late elaborate work, ftill fuppofes, that the

atmofphere contains * 27 of oxygene. (b)

Note XXXIII.
*

I cannot avoid remarking, that in this memoir

M. Lavoifier fpeaks of his obfervation refpecling

the carbonic acid gas, as of a fact difcovered by

himfelf, nor does he mention the name of Dr.

Black, who it appears had publicly taught for

twenty years that this aeriform fluid is difengaged

by refpiration. It is much to be lamented that a

man, who had fo many real claims to the admira-

tion of pofterity, fhould in any inftance have at-

tempted to encreafe his reputation at the expenfe

of his contemporaries.

XXXIV.

This proportion is fubjecl to exceptions ; M.
Vauquelin found that fome of the fpecies of worms

poffeffed

(a) Thomsons Chem. v. in, p. 2§Q, (b) Systeme des

conn. chim. t. i. p, 156.
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poflefled the power of feparating the oxygene from

the azote in the moft perfeft manner. He per-

formed his experiments upon the limax flavus and

the helix pomatia.^

XXXV.

The two papers agree very nearly in the weight

of oxygene fuppofed to be confumed in twenty-

four hours; the firft makes it 1Q080 French grs.

the latter JQOgo. But though the
. weights fo

nearly correfpond, the affigned volumes are conli-

derably different ; the firft memoir flates it to be

24, and the latter fomething more than 22 Paris

cubic feet. If we fuppofe 100 cubic inches of

oxygene to weigh 50*5 Paris grs. (bj 24 cubic

feet, or 41472 cubic inches will weigh 20943*36

grs. ; 22 cubic feet, or 3801 6 inches will weigh

3 91 98* 08 Paris grs. or 157 50 '33 Englifh Troy grs.

The Paris weights and meafures of the original

are reduced to the Englifh ftandard by means of

the formulae given by ProfefTor Robifon in Kerr's

tranflation of Lavoifier's Elements, Jpp. No. 5.

XXXVI.

It muft be remarked, that at the time when

Mr-

fa) Ann. de Chimie, t. xii. p. 273. # seq. (bj Kir)

wan on Phlogiston, p, 30.

I
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Mr. Davy performed thefe experiments, he con-

ceived the atmofphere to contain • 27 parts ofoxy-

gene jfa,) in the more accurate experiments which

he afterwards performed, he found the proportion

of oxygene to be little more than %(l\.(b) This

circumftance will render it necefiary to make fomc

alterations in the eftimate of the effects of refpira-

tion, as we may conclude that the fame Eudiome-

trical procefs was employed in the analylis of air

which had been refpired, as of the air of the at-

mofphere.

Mr. Davy's eftimate.

100 cubic inches of atmofpheric air before the ex-

periment,

Oxygene. Azote. Carlonic Acid.

Confifted of 27 73

After the experiment of 22 * 5 7 1 • 7 4*5

Confequently there was

an abforptfon of 4*5 1*3

And a production of 4*5

Corrected eftimate.

Before the experiment 21 78 I

After the experiment 17 • 5 76 • 6 4*5
Confequently there was

an abforption of 3*5 1 • 4
And a production of 3*5

Note

(a) Researches, p. 327. (I) Nicholson's Journal, v. v. p. 17&
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Note XXXVII.

Boyle firft attempted to afcertain the amount
of the diminution, which the air experiences in

refpiration ; he eftimated it at rs part of its bulk.

Mayow concluded from his experiments, that the

air was diminifhed part, (a) Hales made

many experiments to afcertain this point, but

their refults differ fo considerably, as to render it

impoflible to fix any general ftandard ; it varied

from to to tV part of the whole air. (b) All thefe

quantities, however different from each other,

agree in being greater than the eflimates of the

modern chemifts. This circumftance is to be

attributed to the abforption of part of the carbo-

nic acid formed in the lungs, by the water with

which, in all the different experiments, the air

of expiration was placed in contact.

Note XXXVIII.

The celebrated Sanclorius, who devoted fo

large a portion of his life to the investigation of

the quantity of matter perfpired from the body,

under different circumftances, eftimated the pul-

monary exhalation, at about half a pound in 24

hours.

(aj Tract, quinque, p. 4Q5, (I) Stat. Essays, v. i.

p. 238; v, Y\.p, 320.
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hours, (a) Dr. Hales, by purfuing the plan

which is ftated in the text, fuppofes the quan-

tity to he above 20 oz. Dr. Home remarks, that

the perfpiration from the lungs, is " computed

" by Sanclorius to amount to 6 oz. in 24 hours,

* f by Hales to 23 oz. j the latter computation

" feems too high, part of that moifture being

" probably owing to what is contained in a dry

" air "(bj It appears, that in this inftance, Dr.

Home has been inaccurate in ftating the calcula-

tion of Hales, and what is more remarkable,

Haller, in giving the opinion of Home, fays,

" ad uncias 23 aeftimat CI. Home" fcj and refers

to the paflage quoted above.

Note XXIX.

Dr. Prieftley had prcvioufly obferved this cir-

cumftance, and had eftimated that j part only of

the oxygene confumed in refpiration was employed

in the formation of the carbonic acid emitted from
the lungs ; the reft of the oxygene he conceived

was abforbed by the blood, (d)

Note XL. •

J,-, \ii!rj

It muft be remembered, that a method of

eftimating

ra) Med. Statica,p. 36. (IJ Medicalfacts, p. 2*8.
(c) El. Phys. viii. 5. 40. (dj Experim. on Air, v. iii. p.
378, Q.
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1

eftimating the quantity of water produced in the

lungs, very fimilar to that made ufe of by La-

voifier, and founded nearly on the fame train of

reafoning, had been previoufly employed by Dr.

Crawford ; he fuppofes that about i part of the

oxygene confumed, enters into the formation of

aqueous vapour, (a)

Note XLI.

This is not the only inftance in which, after

the conclufions of Dr. Prieftley have been con-

troverted by his contemporaries, a more accurate

inveftigation of the queftion has ultimately de-

cided in his favour. The complicated apparatus,

and the impofing air of minutenefs, which cha-

racterize the operations of the French chemifts,

irrefiftibly engage the aflent of the reader, and

fcarcely permit him to examine, the {lability of

the foundation upon which the ftructure is erect-

ed. The limplicity of the procefles employed by

Dr. Prieftley, the apparent eafe with which his

experiments were performed, and the unaffected,

conventional ftile in which they are related, have,

on the contrary, been miftaken for the effects of

hafte and inaccuracy. Something muft alfo be

afcribed to the theoretical language which per-

vades

(a) Ohserv. on Animal heat, p, 154, 347, 8.



Note 42, 43. 200

vades and obfcures the chemical writings of this

philofophcr, in confequence of his unfortunate

attachment to the doctrine of phlogifton.

Note XLIL

Mr. Davy found that 7 1 • 7 cubic inches out

of QQ which he expired were azote; (a) if there-

fore we eflimate the average contents of the

lungs at 280 cubic inches, 213 of thefe will

confift of azote.

Note XLIIL

In the firft of the general conclufions, I have

ftated, that the atmofpheric air received into the

lungs, lofes about • 04 of the oxygene which was

contained in it. Suppofing the whole quantity of

air refpired in 24 hours to be 666 • 5 cubic feet,

the quantity of oxygene which is removed will

amount to 26 * 66 cubic feet. This eflimate

agrees exactly with the quantity of oxygene

which I have fuppofed to be confumed in 24

hours, deduced from the experiments of M. La-

voifier and Mr. Davy. The quantity -04 is

however calculated from a different fet of expe-

P riments,

(a) Researches, p. 432.
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riments, and the number 666 1

5 involves the efti-

mate of a fingle infpiration, and of the quantity

of air refpired in 24 hours, both which were ob-

tained from different fources.

In the 2d general conclufion it is dated,

that 22 cubic feet of carbonic acid gas are gene-

rated in 24 hours, fo that there is, upon the

whole, a lofs of 4 cubic feet in 24 hours, fo far

as refpecls the confumption of oxygene, and

the production of carbonic acid gas. In the 5th

general conclufion it is ftated, that a quantity of

azote is confumed in refpiration, amounting to

about no part of the whole air employed. Sup-

pofing this, as in the former cafe, to be 666 • 5

cubic feet, the azote abforbed, will be about 4

cubic feet. Thefe, added to the 4 cubic feet

mentioned in the laft fentence, will make the

total lofs by refpiration in 24 hours 8 cubic

feet. In the 3d general conclufion, it is faid,

that the volume of the air refpired is diminifhed

by to part ; now 666 ' 5 divided by 80 exactly

produces the number 8 * 33. The coincidence

in this cafe is more remarkable than in the for-

mer, as it involves a greater number of quanti-

ties, all obtained by feparate calculations, and

deduced from independent fources. It mud, I

conceive, be not only regarded as a llrong argu-

ment
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ment in favour of their accuracy, but, in fome

mcafure, at leaft, of the hypothefes from which

they were deduced.

Note XLIV.

M. Lavoifier ftates, that IOO parts of carbo-

nic acid confift of 72 parts oxygene, and 28

parts carbone, (a) but it has been difcovered

fince the period of his experiments, that the

charcoal which entered into the compofition of

the acid, is itfclf prcvioufly in the ftate of an

oxide, containing * 36 of oxygene; the compo-

fition of carbonic acid will therefore be pure

carbone 18, and oxygene 82 parts; or the oxide

of carbone which compofes charcoal 28, and oxy-

gene 72 parts. (b) Upon the fuppofition that the

carbone in the blood is in the ftate of the black

oxide, there will in the fpace of 24 hours, be a

a furplus of oxygene of 5 ' 5Q oz. ; but if the

carbone be in a ftate of purity, the fuperabundant

oxygene will be only 1 • 88 oz.

Note XLV.

This idea of the nature of the change pro-

P 2 duced

(a) Mem. Acad. 1799. p. 567. (I) Thomson's Che*
m\sh y, v.i.p, SO.
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duced upon the blood by refpiration, was founded

upon a fuppofition, that its velocity was greater

during its paflage through the capillaries of the

lungs, than in any other part of the circula-

tion ; an opinion which was at one time adopted

by feveral pbyfiologifts of eminence. Dr. Hales,

who performed experiments exprefsly upon this

fubje6l, informs us that he obferved the blood to

move five times as quickly through the lungs as

through the mufcular capillaries. (a) Senac, on

the other hand, thinks that its motion through

the lungs cannot be quicker, becaufe each of the

auricles muft receive the fame quantity of blood

in the fame time and others have fuppofed

that the velocity muft be lefs in the lungs, the

pulmonary circulation being altogether fhorter

than that of the aortic fyftem, the velocity muft

be as the fpaces gone through in the lame time.

Haller does not imagine that the average velocity

in the lungs differs from that in the reft of the

body ; he however remarks that it is fent through

them with lefs force ; becaufe there are fewer

obftacles to its progrefs, and the right ventricle is

confequently lefs ftrong than the ht\.(cj

Note

fa) Statical Essays, v. ii. p. 66. (I) But h Coeur, t. ii.

p..l6l. (c) Haller, vui. 5. 21.
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Note XLVI.

The following remarks of Boerhaave, who

was diftinguifhed for his extenfive acquaintance

with all the branches of fcience, may ferve as a

proof of the entire ignorance refpecling the change

effected in the blood by refpiration which pre-

vailed in his time. He imagines that as long as

the foramen ovale and ductus arteriofus are kept

open, the animal can continue to live without air,

becaufe the blood will then be able to pafs from

the right to the left lide of the heart. He even

fuppofes, that by frequently plunging the young

animal in water, the doling of thefe holes might

be prevented, and the creature be thus rendered

amphibious. Why we cannot dilate the cheft un-

der water, and continueto live in this fituation, he

fays, " hoc nobis kowtow eft," but he adds with

his accuftomed candour, " quod forfan vobis, vef-

" troque aevo, aliquid patefcet.'Y^ M. BufFon

actually performed fome experiments upon this

fubjeet. f/>^ Thefe opinions, which at prefent af-

fume almoft a ludicrous appearance, were pardon-

able at the period when they were advanced. But

we can fcarcely extend our apology to the phyfio-

logifl, who after all the pneumatic difcoveries

which

(a) Prcnlect. t. v. pars 2. p. 467—474. (I) Rat .

Hist v. ii p. 447.
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which have immortalized the names of Black,

Prieftley, Lavoifier, and Crawford, can dill fancy

that, <f by frequent immerfion in water, the af-

" fociation between the movements of the heart

" and lungs might perhaps be diflblved ; and an

" animal be inured to live commodioully, for any
i( time, under water." (a)

Note XLVII.

It is curious to obferve the manner in which

Haller fpeaks of this experiment. " Hoc vulgare

" experimentum non a Lowero folum, verum
<f etiam ab Helvetio ferio propofitum eft."

Note XLVIII.

Dr. Crawford, in conformity with the theory

at that time prevalent/ imagined that carbonic

acid was produced by the union of oxygene and

hydrogene. He was confirmed in this error by

the effects which hydrogene had been found to

produce upon the craffamentum in the experi-

ments of Dr. Prieftley, where bright fcarlet blood,

by expofure to this gas, was rendered dark

coloured,

fa) Beidoes onfact, airs, part i.p. 41
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coloured, and acquired the venous character. Dr.

Hamilton alfo found that the fame change was

produced in the colour of arterial blood by in-

troducing hydrogenous gas into the carotid of a

living animal, fa^

Note XLIX.

M. Haflenfratz notices the objections which

are mentioned in the text, yet he lays the moft

ftrefs upon the manner in which the old theory

accounts for the production of animal heat. He
aflerts, that according to it, the caloric is altoge-

ther evolved in the lungs, and that confequently

their temperature ought to be much fuperior to

that of the other parts of the fyftem. He fays,

that according to Dr. Crawford's hypothefis,

" les poumons font le foyer ou fe degage toute la

" chaleur que le fang abandonne dans I'economie

" animale." And again, " M. de la Grange
" reflechifTant que si toute la chaleur qui fe dif-

" tribue dans I'economie animale fe degageoit

" dans les poumons &c." (b) When we confi-

der that this memoir was written many years

after the publication of Dr. Crawford's treatife

on

(a) Crawford, p. 147, & seq. (I) Ann. de Chim. t.

ix. p. 266.
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on animal beat, it is fomewhat furprizing, that

fuch expreflions fhould be employed by fo experi-

enced a philofopher as M. Haflenfratz. The
friends of fcience, muft lament that the progrefs

of knowledge is too frequently interrupted by a

fpirit of national jealoufy.

Note L.

Mr. Davy conceives, that after a complete

refpiration of atmofpheric air, the gas contained

in his bronchial veflels, when reduced to the

temperature of 55°, would amount only to 32

cubic inches, confifting of azote 23, oxygene

4 • 9, and carbonic acid 4*1 cubic inches.^

He refpired 100 cubic inches of the gafeous

oxide of azote for about half a minute, by this

procefs he found, that the gas was diminished to

62 cubic inches, which upon examination, he

found were compofed of the nitrous oxide 29,

azote 25 *
7, oxygene 4*1, and carbonic acid 3 * 2

cubic inches. He concludes that 32 cubic inches

of gas, of the fame compofition, will be ftill left

in the lungs ; thefe will confift of nitrous oxide

14*7, azote 13'3, oxygene 2*1, and carbonic

acid 1 ' 9 inches. Before the experiment, the

gas in the lungs, and in the apparatus, added

together,

faJ Researches, p. 409.

Mi
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together, were 132 cubic inches, compofed of the

oxide 100, azote 23, oxygenc 4 . 9, and carbonic

acid 4 • 1 inches ; after the experiment, the gafes

in the lungs, and the apparatus taken together,

amounted only to 94 inches, compofed of the ni-

trous oxide 43 * 7, azote 39, oxygene 6*1, and

carbonic acid 5 2 inches. From thefe data Mr.

Davy inferred that 56 1 3 cubic inches of the oxide

has been abforbed, and 16 inches of azote produc-

ed, (a) Upon this experiment it may be remarked,

that the 32 cubic inches fuppofed to be in the lungs

at the commencement, is probably much lefs

than the actual quantity which they contained.

It is not exprefsly ftated by Mr. Davy, that he

made a complete expiration before the experiment,

but granting this to be the cafe, we may conjecture,

that above 100 cubic inches would be ftill left in

the lungs ; now fuppoling the whole of this quan-

tity to be of the fame compofition with the part

examined by Mr. Davy, it will be compofed of

about 72 parts azote, 15 oxygene, and 13 car-

bonic acid ; if to thefe we add 100 cubic inches

of nitrous oxide, we fhall have the whole amount

of gafes before the experiment. After the expe-

riment, fuppofing that a complete expiration

was made, there will ftill be 100 inches left in

the lungs; fuppofing with Mr. Davy, that the

refidual

(a) Researches, p. 412 & scq.
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refidual gas in the lungs, is of the fame compo-
fition with that in the apparatus, thefe 100 inches

will be compofed of about 46 inches nitrous ox-

ide, 41*5 azote, 6* 6 oxygene, and 5 Q carbo-

nic acid. If we add thefe quantities to the gafes

left in the apparatus, the whole amount of the

refidue after the experiment, will be nitrous

oxide 75 inches, azote 67 ' 2, oxygene 10 • 7 and

carbonic acid 9 ; 1 inches. Thefe numbers com-

pared with the refpective quantities at the com-

mencement of the experiment, will give a defi-

ciency in all the gafes to the following amount

;

nitrous oxide 25 inches, azote 4 * 8 inches, oxy-

gene 4 * 3, and carbonic acid 3 * 9 cubic inches.

In making this calculation, it is afiumcd, that the

100 inches which are fuppofed to be in the lungs

before and after the experiment, are of the fame

compofition with the gas in the apparatus, but of

this we have no direct proof. It is impoflible

therefore, to form any pofitive conclusions from

an eftimate founded upon fuch uncertain data, but

the reful t is unfavourable to the fuppofition, that

azote is evolved in thefe circumftances ; perhaps if

the experiment were repeated with the requilite

precautions, it would be found, that the only

change which is effected, is an abforption of part

of the nitrous oxide.

Before
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Before the experiment, the gafes were,

Oxygene Azote Carb. Acid Nitr. ox. Total

In the lungs 15 72 13 100

In the appar. 100 100

Total 15 72 13 100 200

After the experiment,

In the lungs 6-6* 41*5 5*9 46 100

In the appar. 4*1 25 *
7 3*2 29 62

Total 10*7 67.2 9*1 75 162

loft in the ex. 4 * a 4*8 3*9 25 38

Note LI.

The facility with which the greateft part of the

oxygene of the atmofphere is abforbed in the vari-

ous Eudiometrical procefles, and the difficulty of

feparating the laft portions of it, fo as to obtain the

azote in a perfect ftate of purity, affords a ftrong

prefumption, that the component parts of the at-

mofphere are united together in a ftate of chemi-

cal compofition, and not mechanically mixed, or

merely diffufed through each other's fubftance.

It appears, that in this cafe, the atmofphere is

fubjecled to the fame laws of affinity, which the

learned
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learned M. Berthollet has (hewn to exift in all

chemical compounds, fa

)

Note LH.

As the red particles can only be rendered via-

ble by the aid of the microfcope, the obfervations

that have been made upon them, are deeply tinged

with that uncertainty which always attends the

ufe of high magnifying powers. In fome inftances

we are able to point out, upon optical principles,

the probable caufe of the deception
; but, in other

cafes, it muft be confetied, that there is reafon to

fufpecl, that the obferver faw what beft coincided

with his previous hypothecs. A good account of

the obfervations which have been made upon this

fubjecl, accompanied with fome original experi-

ments, may be found in the appendix to Mr. Ca-

vallo's treatife on the faclitious airs.

Note LIII.

In the Phil. Tranf. for 17 97, there is a paper

on the colour of the blood, written by Dr. Wells,

in which the author endeavours to overthrow the

generally received opinions upon this fubjecl.

He conceives, that the alteration induced upon

the

(a) Ann, de Chim, i xxxvi.
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the colour of the blood, as well by the action of

oxygene, as of fome of the neutral falts, is alto-

gether independent of any change effected by

them upon its colouring matter. In order to

prove this proportion, he made a folution of the

red particles (i. e. the colouring matter) in water,-

and he found, that the colour of this folution was

not affected by the fame reagents, which produce

a chancre of colour im the crafiamentum of theo
blood. He alfo found that an aqueous folution of

the red particles, whether taken from the crafia-

mentum of the arterial, or the venous blood, ex-

hibited precifely the famefhade of colour. Hence

he concludes, that the action of air, nitre, and

other fubftances whicb redden the blood, is exer-

cifed not upon the red particles themfelves, but

upon the medium which furrounds them. This

action conlifts in rendering the ferum more denfe,

and thus caufing it to reflect a greater number of

rays of light from its internal furface ; and he at-

tempted to prove by experiment, that the blood

is in fact rendered more denfe, in thofe cafes where

its colour is brightened. The reafoning of Dr.

Wells is certainly ingenious, but, I think, not

conclufive. We know, that by folution in water,

the peculiar texture and organization of the red

particles is dcltroyed, fo that though no alteration

of colour be produced by the air upon thefe bo-

dies,
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dies, when in this ftate, it does not follow that

the change would not be produced, if the air

were applied to them while they retained their

globular form. Our knowledge refpecting the

arrangement of the minute particles of bodies, is

perhaps too imperfect for us to determine with

certainty, by what means the changes of colour

are effected, which follow from the application of

different chemical reagents ; an alteration in the

denfity of the body, may probably be one among

other methods ; but fuppofing this to take place

in the cafe now under confideration, it is more

natural to conceive, that the action mould be ex-

ercifed upon the particles themfelves, than upon

the fubftance which is contiguous to them.

Dr. Wells, in the 2d part of his paper, offers

fome experiments to fhew, that the red colour of

the blood does not depend upon the iron contain-

ed in the red particles. They certainly deferve

confideration, but if we admit them in their full

extent, they would prove, that no part of the blood

contains iron in the faline ftate, a pofition which

is directly oppofed by the experiments that have

been made more lately by Fourcroy and Vauquelin,

who have not only confirmed the exiftence of the.

iron, but have afcertained, apparently with great

exaclnefs, the ftate of combination in which it

exifts.
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exifts. The hypothec's with which Dr. Wells

concludes his paper, viz. that the red globules

arc compofed of two diftincl fubftances, poflefled

of different chemical properties, even though it

coincides with the microfcopical obfervations of

Mr. Hewfon, I cannot but confider as altogether

fanciful. Before we attempt to form any more

conjectures on this fubjeel, it would be defirable

to repeat and vary the experiments of Fourcroy

and Vauquclin.

The imagination of the poet has in fome de-

gree anticipated thedifcovery of the chemifts.

When air's pure effence joins the vital flood,

And with phosphoric acid dyes the blood,

Your virgin trains the tranfient heat difpart,

And lead the ibft combuftion to the heart, ike. (a)

Dr. Darwin obferves in a note, " Dr. Craw-
" ford, in his ingenious work on animal heat, has

" endeavoured to prove, that during the combi-

" nation of the pure part of the atmofphere with

** the phlogiflic part of the blood, much of the

" matter of heat is given out from the air ; and
" that this is the great and perpetual fource of the

" heat of animals ; to which we may add, that

" the

(a) Economij of Vegetation ca?ito L I. 399—402.
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" the phosphoric acid is probably produced by this

" combination
; by which acid the colour of the

" blood is changed in the lungs from a deep

" crimfon to a bright fcarlet."

' Note LIV. ' .'

'

M. Abildgaard, of Copenhagen, made fome

experiments, of which a fltetch is given in the

Annales de Chimie, (a) in order to determine the

comparative quantity of carbone in the arterial

and the venous blood. 100 Parts of the venous

blood of a horfe, when dried by a moderate heat,

afforded 26 parts of a dry pulverizable fubltance,

whereas 100 parts of the arterial blood treated in

the fame manner, yielded only 25 parts. An
ounce of venous blood, dried and decompofed in

a clofe veflel, produced 115| grs. of carbonaceous

matter ; the fame quantity of arterial blood pro-

duced no more than 874 grs. Thefe experiments

certainly appear favourable to the modern theory

of refpiration, but the account which is given of

them is too concife to enable us to form any deci-

sive conclufions.

Note LV.

Dr. Bancroft firft fuggefted the opinion, that

charcoal

(a) T. xxxvi. jf>. 9it
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charcoal was an oxide of carbone, (a) an opinion

which has been fince amply confirmed by the ex-

periments of Guyton and Tennant. It is proba-

ble that this black oxide of carbone can only be

formed by a degree of heat fufficient to produce

ignition, and confequently much fuperior to that

of the blood. It may alfo be prefumed, from the

whitcnefs of the chyle, that the carbone which it

contains, is not combined with oxygene, or at

lead, not in that ftate of oxidation, which consti-

tutes charcoal. Hence we may infer, that the in-

flammable matter of the blood exifts in the ftate of

pure carbone, and confequently, that the carbonic

acid which is emitted from the lungs, is formed

by the union of 18 parts of carbone, with 82

parts of oxygene. Dr. Bree fuppofes that the

dark colour which the mucus of the bronchial

glands fometimes aflumes, is owing to a portion of

the carbone of the blood, which, in afthmatic pa-

tients, is not carried off, in fufficient quantity, by

the formation of carbonic acid, (b)

The opinion of Mr. Abernethy, refpecling

the origin of the carbonic acid difcharged from

the lungs, is very different from that generally af-

figned by the modern phyliologifts. He obferves,

Q that

(a) On the Phil, of Colours, p. -13. note. (IJ On
Respiration, p. 125.
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that " at one time, phyfiologifts believed that the

" infpired oxygenous gas, contributed to the pro-

" duction of the carbonic gas, found in the air

" expired. This opinion perhaps (till prevails in

ic the minds of fome people." (a) I conceive, how-

ever, that the doctrine which is here reprobated,

is at prefent almoft univerfally adopted. Mr.

Abernethy fuppofes that the carbonic acid emitted

from the lungs, is not properly the product of re-

fpiration ; but is (imply exhaled from the pulmo-

nary vefTels. His chief objection to the contrary

doctrine is, that the quantity of oxygene received

into the blood by the lungs, is not fufficient to ge-

nerate the carbonic acid which is expelled. But

on this point, Mr. Abernethy's opinion is in di-

rect oppofition to that of M. Lavoifier, and the

molt eminent chemifts, who conclude from their

experiments, that the quantity of oxygene ab-

forbed, is confiderably more than fufficient to

form the carbonic acid.

The opinion of M. Burdin, concerning the for-

mation of the carbonic acid emitted from the lungs,

is in fome refpects fimilar to that embraced by

Mr. Abernethy, and is in like manner very dif-

ferent from the one generally adopted. He

imagines that all the ingredients of the acid exift

in

(a) Essays, p. 146.
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in the venous blood, previous to its return to

the lungs, and that when it arrives at this organ,

they are united, and Separated from it by fecre-

tion. He fuppofes that oxygene is at the fame

time abforbed by the blood, but that it has no

immediate {hare in the formation of the carbo-

nic acid.faj In oppofition to this hypothecs it

may be urged, that the abforption of oxygene and

the production of carbonic acid, take place in

the fame manner, when a piece of crafTamentum

is placed in ajar filled with oxygene, as when the

venous blood is acted upon by the air contained

in the veficles. From this circumftance it fol-

lows, that the effect produced depends altogether

upon a chemical affinity between the oxygene,

and one or more of the conftituents of the blood,

and not upon the operation of a function which

can only fubfift during life.

Note LVI.

Informing this conclufion, I decide not only

in oppofition to the opinion of M. Lavoifier, but

of nearly all the phyfiologifts who have treated

upon this fubject fince the publication of his me-
moirs. The opinions of the French chemifts, as

far as I am acquainted with their works, almoft

Q 2 uniformly

(a) Course of Med. Studies, v. iii. p. 343.
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uniformly coincide with that of their illuftrious

countryman /a)

Among the Germans I find the fame doclrine

fupported by Blumenbach, Jacquin, and Gren,f6)
and in our own country by Crawford, Cavallo,

Higgins, Currie, Thomfon, Rutherford and

Allen, (c)

It is to be obferved, that the formation of

water is equally owing to refpiration, whether in

conformity with the opinion of M. Lavoifier we

fuppofe it to be immediately generated in the

lungs, or in paffing along the fanguiferous fyftem,

according to Haflenfratz's hypothecs. In both

cafes it is produced by the union of oxygene ab-

forbed

(a) Guyton-Alorveau, Enc. Meth. Chimie, t. i. p. 727.

765. -« Seguin, Ann. de Chim. t. xxi. p. 225. & Med.

Eclairee. ~Fourcroy, Systems, &C. t. x. p. 373. /. i. p. 5(5.

Hassenfratx, Ann. de Chim. t. ix. p. 26l.-Vauquelin, Ann.

de Chim. t. xii. p. 290. -.De la Metherie, Journ. de Phys.

t. xlvi. p. 106. ^Cuvier, Lecons dAnat. comp. t.i. p. 92.

Richerand, Phys. p. 14Q.

(I) Blumenlach, Inst.Phys. p. 115._ Jacquin, EL of

Chemistry, $ Q5Q Gren, Ann. de Chim. xxiv. p. 196.

(c) Crawford on Animal Heat, p. 154. - Cavallo s Elew.

»/ Nat. Phil. v. ii. p. 540, l.~Higgins's Minutes of a So-

ciety, p. 163— Curries Med. Reports, p. 192. -Thomsov

S

Chemistry, v. iv. p. 497—, Rutherford in Marcet de Diabcle,

p. 31. —Allen in De la Rive de CaL Anim. p. 35.
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forbed by the blood in the lungs, and hydrogene

previoufly exifting in that fluid.

Note LVII.

M. Lavoifier, in the two memoirs on refpira-

tion, written in conjunction with his friend Se-

guin, to which I have already fo frequently re-

ferred, employs no arguments to prove the dis-

charge of hydrogene from the blood in addition

to thofe ftated above : as however thefe papers

contain an account of the moft elaborate expe-

riments that have ever been performed upon the

fubjec~t of refpiration, and are the laft works

which this great philofopher lived to complete, it

may be defirable to examine them with fome de-

gree of minutenefs.

After ftating fome general propofitions re-

fpecting the nature of combuftion, and the com-
pofition of the bodies which are produced by
refpiration, they proceed to obferve, that this

function may be confidered as a flow combuftion

of carbone and hydrogene, and that its effecT:

is to abftraft from the blood a quantity of thefe

fubftances, and to depofit there a portion of ca-

loric. There is, however, one circumftance, in

which refpiration is materially different from

combuftion

;
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combuftion ; this latter operation proceeds with

more rapidity in proportion to the greater pu-

rity of the air employed, whereas the quantity of

oxygene which an animal confumes in refpiration,

is very nearly the fame in whatever proportion it

exifts in the air received into the lungs. This

propofition was proved by a feries of experiments

performed upon guinea-pigs. Thefe animals

were confined for fome days in air of different

compofition, from pure oxygene on the one hand,

to air which only contained rr part of this fub-

ftance. We are expreflly told, that under thefe

circumflances, the refpiration and circulation

were not affected, and that the heat continued

the fame ; in fhort the only perceptible alteration

in the ftate of the animal was a degree of drow-

linefs, when too large a proportion of azote had

been employed. There appears no reafon to

doubt the accuracy of thefe experiments, the

conclufions from them are probably different

from what we mould have been led to expect

;

they however demonftrate the abfolute inefficiency

of the attempts which have been of late made

with fo much confidence to introduce at pleafure

into the fyftem, a greater or lefs quantity of oxy-

gene, merely by varying the competition of the

air prefented to the lungs. The authors flate,

that during refpiration there is neither any difen-

gagement
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gagement nor abforption of azote ; they confider

this fubftancc as entirely paffive, and aflert that

any other gas mixed with the oxygene, which

was not immediately noxious, would anfwer the

fame purpofes with the air of the atmofphere

;

they employed hydrogene, and found no incon-

venience to arife from its ufe. It had been ob-

ferved, that the quantity of oxygene confumed in

a given time, was different in different ftates of

the animal oeconomy ; the authors proceed to in-

veftigate the amount of thefe changes, and for

this purpofe M. Seguin himfelf became the fub-

ject of the experiments. The circumftances

which they noticed as affecting the procefs of

refpiration were, temperature, exercife, and the

Hate of digeflion. As a ftandard for the reft

of the experiments, they began by taking an

average effect produced by a man at reft, with

the ftomach empty, and at the temperature of

82° ; under thefe circumftances he confumed in

the fpace of an hour 1210 cubic inches of oxy-

gene. At the temperature of 57°, the other cir-

cumftances remaining as before, he confumed

3 344 inches. During the procefs of digeflion,

the confumption of oxygene was increafed to 1

8

or 1900 inches. While the ftomach was empty,

and the body in a ftate of violent exercife, 3200
inches were confumed in an hour, and when he

ufed
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ufed the fame exertion after taking food, the

quantity was increafed to 40*00 cubic inches in

the fame fpace of time. Notwithstanding this

great difference in the quantity of oxygene con-

fumed, the temperature of the body was fcarcely

affected, but the circulation, and the refpira-

tion, were confiderably quickened. The authors

obferve, that thefe numbers muft only be confi-

dered as indicating proportions, becaufe it is

probable, that individuals differ in the abfolute

quantity of the changes which are effected by the

refpiration. The apparatus by which thefe expe-

riments were performed, is not fpecified. It

muft be obferved that the effects produced upon

the refpiration by a change of temperature, had

feveral years before been diflinctly pointed out

by Dr. Crawford; and M. Jurine had alfo afcer-

tained that nmfcular exertion, and the flate of the

ftomach, produced very important effects upon

this function, yet neither of thefe authors are

noticed in the memoir now under confideration.

Taking into account all thefe different cir-

cumftances, the authors conclude, that about 1

cubic foot, or 1728 inches, may be confidered as

the average quantity of oxygene confumed in an

hour, and confequently 24 cubic feet in the

courfe of a day. They next proceed to point

out
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out what proportions of this oxygene are to

be refpeclively afligned to the production of the

carbonic acid, and the water. It is not expreflly

itated, in what manner the fum of the carbonic

acid was obtained, but this we may fuppofe to

be fufficiently accurate. It is then afTumed, that

this carbonic acid is compofed of carbone, which

previoufly exifted in the blood, in the fame ftate

of oxidation with charcoal, and the additional

quantity of oxygene is eftimated, which is re-

quired to form it into complete carbonic acid.

The remainder of the oxygene is fuppofed to be

employed in the production of water, and by

calculating how much water can be formed by

this fuperabundant oxygene, the amount of the

aqueous exhalation from the lungs is eftimated.

It will not be necefTary to follow the authors

through their details ; I have endeavoured to

inew that their calculations are built upon the

afTumption of data, one of which is improbable,

and the other at leaft incapable of proof. The
memoir concludes with fome general reflections

deduced from the experiments. With refpect to

the increafed confumption of oxygene in a low

temperature, the authors are inclined to attribute

it to the greater denfity which cold air poflefles,

and to fuppofe, that the principal circumftance

which moderates the heat of the body in a high

temperature,
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temperature, is the increafc of tranfpiration,

which carries of part of the caloric that had been

previoufly evolved, by the formation of the wa-

ter and carbonic acid.

Before I leave this memoir, I muft remark,

that in the etlimate which is made of the quan-

tity of water formed in the lungs, the figures

which denote the weight of the hydrogene dis-

charged, and of the water produced, do not

correfpond. The whole quantity of oxygene

fuppofed to be confumed is 1 9O8O grs. ; the car-

bonic acid produced is 21600 grs. ; this will

contain 15553 grs. of oxygene. There will

then be left for the formation of water 3528

grs., which will require 622 grs., or 1 oz. 46 grs.

of hydrogene, and the quantity of water pro-

duced will be 4150 grs., or 7 oz. 1 dr. 46 grs.

In the memoir under confideration, the quantity

of hydrogene is ftated to be 1 oz. 5 drs. 51 grs.

and the water only 5 drs. 51 grs.

The 2d memoir written by M M. Lavoifier

and Seguin, is expreifly on the tranfpiration of

animals. Tranfpiration is defcribed as connfting

in the lofs of a certain moifture, which requires a

quantity of heat to reduce it to vapour, in order

to carry it off from the body ; it proceeds both

from
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from the fkin and the lungs, and according as

it is derived from the one or the other of thefe

fources, it is ftiled the cutaneous, or the pulmo-

nary tranfpiration. Upon the greater or lefs

quantity of this tranfpiration, together with the

degree of denfity in the infpired air, the authors

conceive, that the uniformity of temperature

depends, which the animal preferves in all the

different degrees of external heat to which it is

expofed. In addition to the aqueous vapour de-

rived from the cutaneous and pulmonary tranf-

piration, there is alfo the water fuppofed to be

generated in the lungs from the immediate

union of oxygene and hydrogene ; it remained

therefore to contrive a method by which the

effect of thefe operations might be kept dis-

tinct and precifely afcertained ; for this pur-

pofe the following apparatus was employed.

A perfon was enclofed in a lilk garment co-

vered with a varnifh of elaftic gum, he had a

tube adapted to his mouth, and by this me-

thod it is flated, that the effects of tranfpiration

and of refpiration were kept diftinct. But in

this ftatement there appears to be an inaccuracy ;

the effects of cutaneous tranfpiration would cer-

tainly be kept diftinct from the effects of pul-

monary tranfpiration and refpiration, but it does

not appear how thefe two were to be feparated.

By
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By weighing the body juft after entering the ap-

paratus and juft before leaving it, they endea-

voured to afcertain the lofs of weight whieh the

body experiences by refpiration, feparate from

that by tranfpiration. By weighing the body

immediately after entering the apparatus, and im-

mediately after leaving it, the total lofs which it

experiences by all the different fources is afcer-

tained. The authors conjecture, that there

exudes into the bronchia a humour which is fepa- '

rated from the blood, compofed chiefly of hydro-

gene and carbone, and which filtres through the

membranes of the lungs. This humour, by being

very much attenuated as it paffes through the

fmall exhalants, is in part confumed, and by de-

compofing the oxygene with which it is in con-

tact during infpiration, water and carbonic acid

gas are produced. The authors obferve, that the

carbonic acid is removed from the lungs by ex-

piration, but that the water would be accumu-

lated, were there not a method provided by na-

ture to prevent this circumftance. The air enters

the lungs cold, but iffues from them warmed

nearly to the temperature of the blood, it
.
will,

therefore, diffolve a part of the water, and remove

it from the lungs. From this hypothefis, which

fuppofes that the combuftible matter, difengaged

during refpiration, is, in the fkft inftance, tranf-

mitted
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mitted through the pores of the lungs, in the

form of an aqueous exhalation, it might be fup-

pofed quite fuperfluous to affign any other fourcc

for the water of expiration ; but it is immediately

added, that the water exhaled is derived from two

fources, 1 ft. the water of pulmonary tranfpira-

tion which we have been defcribing, and 2d. that

produced by the immediate union of oxygene and

hydrogene, or what is ftiled the water of refpira-

tion. We are informed, that in a future memoir

the method will be detailed which was employed

to feparate the water derived from thefe two

fources, and to afcertain their refpeclive amounts

;

but this memoir appears never to have been pub-

limed, in confequence, it may be prefumcd, of

the untimely fate of M. Lavoifier.

The authors proceed to inform us, that by

afcertain ing what quantity of water was fent out

of the lungs, and what quantity of carbonic acid

was produced, and afterwards, by comparing thefe

quantities with the quantity of oxygene con-

fumed, an eflimate was formed of the water ge-

nerated in the lungs, and of that which was eva-

porated from them. From the expreflion em-
ployed there is reafon to infer that the water ex-

haled was by fome method, which is not men-
tioned in the memoir, actually collected and mea-

fured,
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fared, and not as in the former inftance flmply

calculated by a comparifon with the oxygene

confumed. But, fuppofing this to be accurately

performed, before the conclufions could be ob-

tained which are formed by Lavoifier and Seguih,

it would be neceflary to prove that all the oxygene

was employed in the formation of carbonic acid

and water, and that the carbone had previoufly

exifted in the Hate of charcoal. They feem to

have been aware of the difficulty refpecling the

carbonic acid, and add, that if the carbonic acid

be produced by digeftion, the oxygene muft be

employed in the formation of the water of refpi-

ration, which will diminifh the quantity fup-

pofed to be derived from the pulmonary tranfpi-

ration ; but it is flill taken for granted, that all the

oxygene is employed in uniting with the com-

buftible matter difcharged from the blood. The

mean refults of the experiments are then detailed,

and are as follows :—the lofs of weight expe-

rienced by the body in twenty-four hours is

l\b. 13oz. ; this includes the lofs by refpiration,

and by both the cutaneous and the pulmonary

tranfpiration ; of this quantity the cutaneous

tranfpiration takes away lib. l4oz., and the ref-

piration 15oz. ; it appears by a fubfequent part of

the calculation, that this eftimate of the lofs by

refpiration includes alfo the lofs by the pulmonary

tranfpiration ;
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tranfpiration ; it appears, indeed, that these two

effects were neceflarily confounded from the nature

of the apparatus. The mean confuraption of oxy-

gene in twenty-four hours is 2lb. 1 oz. I dr. lOgr.

;

this oxygene is employed partly in the formation

of carbonic acid, and partly in the formation of

water. The weight of carbonic acid difengag-

ed in twenty-four hours is lib. 1 oz. 7dr. 4gr.

confirming of oxygene . . 12oz. odr. 4gr.

carbone . . 5oz. 7 dr. Ogr.

lib. 1 oz. 7dr. 4gr.

There is then left a quantity of oxygene equal to

lib. 4oz. 2dr. lOgr. which, in order to be formed

into water, would require 3 oz. 3dr. lOgrs. of

hydrogene, which will produce a quantity of

water equal to lib. 7oz. 5drs. 20grs.

The 2lbs. 13oz. which are fuppofed to be

loft in twenty-four hours, will be found then to

confift of the following quantities : lb. oz. dr. gr.

Cutaneous tranfpiration oz. dr. gr. 114 0 0
Carbone in the carb. acid 5 7 O
Hydrogene in the water 3 3 10

Pulmonary tranfpiration 5 5 62

Lofs by refpiration 0 15 0 0

2 13 0 0

In
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In this calculation it may be obferved, that the

two firft quantities only are the direct refult of ex-

periment. The hydrogene was eftimated from

the oxygene left after the formation of the car-

bonic acid gas, and the pulmonary tranfpiration

was a quantity affumed to fupply the difference

between the weight of the hydrogene and the car-

bone, and the total amount of the lofs by refpira-

tion. It has been already noticed, that the differ-

ent experiments of Lavoilier himfelf, indicate very

different quantities ofoxygene confumed, and ofcar-

bonic acid produced in the procefs of refpiiation.

Upon the whole, we may conclude, that thefe

memoirs (till leave us much in doubt reflecting

the nature of the changes produced upon the

blood by refpiration, Hill lefs can they be con-

lidered as afcertaining with exaclnefs the amount

of thefe changes. At the fame time we muft ac-

knowledge, that they exhibit an ingenuity in the

contrivance, and a perfeverance in the execution

of experiments which fo juftly entitle their illuf-

trious author to the firft rank among chemical

philofophers.

As my object in the analyfis of thefe papers

was, rather to prefent a view of the method of

rcafoning employed by Lavttifier, than to enter

into
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into an examination of his refults, I have retained

the figures ufed in the original, which indicate

the weights and meafures of France before the

revolution.

Note tVUi

I have referved the difcuffion of the fubject of

animal heat to a fubfequent part of the efTay; I

lhall, however, in this place remark, that the doc-

trine which I have attempted to eftablifh concern-

ing the non-emiffion of hydrogene by the lungs,

will materially affect our opinions refpecting the

influence of refpiration upon the temperature of

the living body. According to the generally re-

ceived theory, the whole, or a part of the water

which is difcharged from the lungs, having been

formed in the fyftem by the union of the gaffes

which form its component parts, produces the ex-

trication of caloric in the fame manner as dur-

ing the generation of the carbonic acid gas. But

if, on the other hand, we fuppofe that the water is

generally received into the fyftem by the ftomach,

in the fluid ftate, and is afterwards emitted from

the body in the form of vapour, its difcharge will

be necefTarily attended with a confiderable expen-

diture of caloric. This removal of caloric from

the body will take place in exact proportion to

the quantity of water evaporated, either from the

R Ikin
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Ikin or the lungs, and confequently we muft con-

fider the difcharge of aqueous vapour, either by
the pulmonary or the cutaneous tranfpiration, as

in all inftances counteracting or moderating the

effects produced by the difcharge of carbone from

the blood. According to this view of the func-

tion of refpiration, the procefs by which the body

is cooled in high temperatures, is not confined to

the operations of the Ikin, but is effected in an

equal or probably greater degree by the lungs, fo

that we muft regard this organ as poffeffing the

power of imparting or abllracting heat to and

from the fvftem, according to the temperature of

the furrounding medium, or the occafional de-

mands of the animal. The application of this

hypothecs to the operations of the living body, as

well in the ftate of health as of difeafe, is obvi-

oufly of great extent and importance, but I fhall

not enter into any fpeculations concerning it un-

til I have endeavoured, by experiment, to eftablifh

its validity. I fhall only remark, that I think it

will materially affift in the elucidation of thofe

anomalous facts in animal heat, which fome emi-

nent modern phyfiologifts have conceived to be

inexplicable upon the theory of Dr. Crawford.

I allude particularly to the experiments and ob-

fervations of the late Mr. Hunter, and to thofe

more recently made by my much refpected friend,

Dr. Currie. Note
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Note XIX.

An hypothefis fimilar to this of M. Cuvier's,

has been more lately propofed by Dr.Thomfon ;fa)

it is advanced by him, as an original fuggeftion,

and from the candor which pervades his writings,

we mud conclude, that he had not feen the work

of M. Cuvier when he wrote the article of Ani-

mal Subflances, in the Supp. to the Enc. Brit.

The Legons £Anatomie Comparie, were publifhed

in 1800 (ann. 8), Dr. Thomfon's eflay in 1801.

M. Cuvier and Dr. Thomfon, in conformity with,

the prevailing opinion, conceive that both car-

bone and hydrogene are removed from the chyle

when it is converted into blood, but we have no

proof that the proportion of hydrogene is greater

in chyle than in fibrine; the experiments that

have been performed upon this fubjecl; only

prove, that azote exifls in greater proportion in

blood than in chyle.

The hypothefis which is adopted by M.
Richerand, to account for the more complete

animalization of the chyle, appears Angularly

perplexed. He fuppofes, that, as it panes through

the lungs, after being mixed with the venous

R 2 blood,

(a) Chemistry, v. iv. p. 4Q7,
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blood, a great part of it is depofited, " par une

" forte de perfpiration interieure," into the pa-

renchymatous fubftance of thefe vifcera. In this

fituation it is oxidated by the contact of the air,

and being re-abforbed by a number of inhalent

veftels, it is carried to the bronchial glands, where

it depofits part of its carbone, " et de fuligineux,"

and thus communicates to them their black colour.

Being thus purified, it is returned into the tho-

racic duel:, and poured again into the fubclavian

vein, whence it is brought back to the lungs,

and again fubjected to the action of the air.

" De maniere qu'il fe fait," fays the author,

" a travers ces organes, une veritable circulation

" lymphatique, dont I'object eft de donner au

" chyle un degre d'animalisation plus advancee.'YaJ

\ Note LX.

In ordinary experiments, oxygenous gas is

obtained from a metallic oxide, heated in con-

tact with the fulphuric acid. But thefe oxides

not unfrequently contain a quantity of carbonic

acid, which will neceflarily be expelled by this

procefs, and mixed with the oxygene ; this is

particularly the cafe with the red oxide of lead,

a fubftance which frequently is made ufe of for

the

(a) Phys p. 160, I.
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the difengagement of vital air. The black oxide

of manganefe, which is often employed for the

fame purpofe, is not unfrequently mixed with the

carbonate of lime* which will give out its carbonic

acid during the prpcefs, (Taj When the heat, has

been applied for a confiderable length of time,

and been in any degree violent, part of the ful-

phuric acid itfelf will be converted into vapour,

and be mixed with the gas. It is to accidental

impregnations of this nature, that we mud at-

tribute the painful fenfation which fome perfons

have experienced in attempting to refpire oxy-

gene.

Note LXI.

Some perfons have inferred from Dr. Prieft-

ley's experiments, that the refpiration of oxygene is

productive of injurious effects to the animal con-

ftitution.f^ This opinion was, I imagine, founded

upon the obfervation of this philofopher, that after

an animal had expired in oxygenous gas, a 2d

could continue to live for a fhort time in the fame

air. Dr. Prieftley, however, attributed the death

of the firft animal to the effect of cold, in con-

fequence

(a) Cavallo on Fact Airs, p. 203. (I) Beddoes on

Tact. Air, part i. p. 13.
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fequencc of its pafling through the water by

which the gas was confined, and he accordingly

was able to prolong the life of the animal for

feveral hours, until the air was completely deoxi-

dated, by placing it near the fire. " This expe-
ee ment" he adds, "fully satisfied me, that it

u was nothing in the dephlogisticated air itself,

<c that was the reason that mice could not live in

tf
it." (a) The deficiency of external heat ap-

pears evidently to have had an important effect

upon the life of the animal, but there is another

circum fiance, which I am inclined to regard as a

jftill more immediate caufe of death, viz. a quan-

tity of carbonic acid gas, which would be gene-

rated, and be confined in the apparatus. A
frefh and vigorous animal would be able for fome

time to bear with impunity a quantity of this

gas, which had proved fatal to one whofe powers

were exhaufted by the long continued expofure

to it. In confirmation of this opinion, I may

remark, that the very fame circumftance has been

found by Cigna, Jurine, Morozzo, and others,

to occur in the refpiration of a limited quantity of

atmofpherical air. (b)

M. Lavoifier

(a) Exper. on Air, v. ii. p. 105. (h) Journal dc

Phys. t. xxv. p. 105, 6. Chaptats Chemistry, v. i. p. 13], 2.

Enc. Meth. Art. Med. t.i.p. 4QQ.
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M. Lavoifier, in fome of his earlier experi-

ments made the fame obfervation, viz. that after

the death of the firft animal, the air was left in

fufficient purity, to fupport for fome time the

life of a fecond. The fame explanation may be

had recourfe to in thefe, as in the experiments

of Dr. Prieftley ; indeed, as M. Lavoifier con-

fined his gas by mercury, there would be a greater

proportion of carbonic acid mixed with the oxy-

gen e, than when water was employed, as this

fluid would neceffarily abforb part of the acid.

When animals have been confined in oxygene,

and the carbonic acid has been carefully re-

moved by a pure alcali, or by lime water, the

animal has completely abforbed the whole of the

oxygene without any inconvenience, (b)

We may remark, that the experiments of

Dr. Prieftley, in which he found an animal

confined in oxygenous gas, to fuffer fo much
from the efFecls of cold, afford a ftrong pre-

fumptive argument againft the increafe of tem-

perature, which fome fpeculative chemifts have

imagined, muft be produced by the refpiration of

oxygene.

The

(a) Higginss Minutes of a Society, p. 132.

4
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The only other obfervations upon this fub-

jecl, which I find in the writings of Dr. Prieft-

ley, are contained in the following paragraph.

" From the greater flrength and vivacity of the

" flame of a candle, in this pure air, it may be
if conjectured, that it might be peculiarly falutary

" to the lungs in certain morbid cafes, when the

et common air would not be fufficient to carry
<f off the phlogiftic putrid effluvium fail enough.
fe But, perhaps, we may alfo infer from thefc

tc experiments, that though pure dephlogifticated

"'air might be very ufeful as a medicine, it

" might not be fo proper for us in the ufual

" healthy ftate of the body ; for as a candle

<f burns out much fafter in dephlogifticated than

<c in common air, fo we might, as may be faid,

" live out too fast, and the animal powers be

" too foon exhaufted in this pure kind of air." (a)

It can fcarcely be conceived, that Dr. Beddoes

has built his pofitive affertion on the mere fpeeu-

lation of Dr. Prieflley ; a fpcculation ingenious

indeed, and, at the time when it was formed,

plaufible, but which has been fince contro-

verted by the direct experiments of M. Lavoifier.

Note LXII.

" On fait que la combuftion, toutes chofes

e*gales

(a) Exper. on Air, v. ii. p. 108.
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,f cgales d'ailleurs, eft d'autant plus rapide, que

' l'air dans lequel s'opere, eft plus pur. Ainfi, par

•* example, il fe confomme dans un temps donne

f beaucoup plus de charbon ou de tout autre com-
c buftible, dans l'air vital, que dans l'air de l'atmo-

' fphere. On avoit toujours penfe, qu'il en etoit

f de meme de la refpiration ; qu'il devoit s'acce-

c Icrer dans l'air vital, and qu' alors il devoit fe de-

c gager (° lt c^ans ^e poumon, foit dans le cours de

* la circulation, uneplus grande quantite de calo-

e rique. Mais l'experience a delruit toutes ces opi-

£ nions qui netoient Jondees que sur I 'analogic.

\ Soit que les animaux refpirent dans l'air vital pur,

1
foit qu'ils refpirent ce meme air, melange avec

f une proportion plusoumoins confidcrable degaz

' azote, la quantite d'air vital qu'ils confomment,
i

eft toujours la meme, a de tres-legeres differences

1 pres. II nous eft arrive plufieurs fois, de tenir

1 un cochon d'Inde pendant plufieurs jours, foit

,£

dans l'air vital pur, foit dans un melange de
; quinze parties, de gaz azote & d'une d'air vital,

c en entretenant conftamment les memes propor-

' tions ; 1'animal dans les deux cas eft demeure
' dans fon etat naturel ; fa refpiration & fa circu-

1 lationne paroifToient pas fenfiblement, ni acce-
c

lerees, ni retardees ; fa chaleur etoit egale, &
' il avoit feulement, lorfque la proportion de gaz

azote
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" azote devcnoit trop forte, un peuplus de difpo-

" fition a V affoupiffement.'Y«>>

Note LXIII.

Soon after it was difcovered that oxygenous

gas poflefles the appropriate power of fupporting

animal life, the idea was fuggefted of employing

it for medicinal p"urpofes. As it was known, that

in phthifis the lungs are much injured in their

texture, and probably rendered incapable of per-

forming their functions to the full extent, fome of

the French chemifts conceived that the refpiration

of oxygene might prove advantageous in this

difeafe, by permitting the fyftem to acquire its

due proportion of this element with greater fa-

cility. The idea was at leaft as plaufible as the

generality of medical hypothefes, and the fubje&s

of the firft experiments, in confequence of the

happy delufion which fo frequently attends this

fatal complaint, were infpired with ftrong hopes

of the fucccfs of the new practice, (b)

Shortly after this period^ a fpeculation of an

oppofite

(a) Lavoisier, Mem. Acad. 1789. p. 573. (I) Chap-

iaVs Chemistry, v. i. p. 138. Jurine, Enc. Melh. art. Me-

tlecine, t. i. p. 500. Foiircroy, Ann. de Chim. t. iv. p. 83.

& seq.
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oppofite nature was formed in this country. It

was imagined that the fyftem, when affected by

phthifis, had in fome way acquired too large a

proportion of oxygene in its competition; and it

was confequently concluded, that benefit muft

be derived from the refpiration of a gas which

contained a fmaller proportion of oxygene than

the air of the atmofphere. The objections which

were urged againft this hypothecs were indeed

numerous, and the defenders of it were una-

ble to point out by what means the fyftem

could acquire this fuperabundant quantity of

oxygene. But all oppotition was for fome time

filenced by the apparent fuccefs which attended

the employment of the pneumatic medicines, and

lb fully perfuaded were the profeffion at large of

the advantage likely to refult from their ufe, that

a public fubfeription was actually commenced, in

order to form an inftitution, for the purpofe of

curing confumption by the employment of the

different gafes. But the infatuation has at length

fubtided, and the plan feems to be abandoned by

the projedtor himfelf, who cannot be fuppofed to

want cither zeal or ,induftry in the promotion of

his favorite fcheme.
*

Note LXIV.

Few perfons, I conceive, in the prefent day,

will

4
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will objecl: to this exprefiion. The pertinacity

with which the oppofite opinion was maintained

by the determined followers of the Brunonian

doctrine, appears to me one of the moft lingular

contefls of theory againft experience, which has

occurred in the hiftory of modern fcience. Dr.

Smith, in his valuable differtation " de actione

" mufculari," ranks (t vapores mephitici" among

the chemical fedativcs.(a)

(a) p. 33.

END OF THE SECOND PART.
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In collecting the materials for this work, f have frequently
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FOLIO and QUARTO,
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Fontana, fur l'air inflammable, J de Phys. torn. I5me.
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Lavoifier fur la refpiration, "l „ r .

r , . Y
Mem. Acad, pour 1777.

fur la combuftion, J

fur la chaleur, - - Do. pour 178O.—— fur la refpiration, - - Bo. pour 1769,

fur la tranfpiration, - Do. pour 1/90.

fur l'alteration dans l'air, &c.

Mem. Soc. Roy. Med. pour 1782, 3.

Malpighi Opera, ----- Lond. 1616.

Morgagni on the feats and caufes of Dif-
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Senac
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Window's Anatomy by Douglas, 2 vols.
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Bell's Anatomy, 3 vols. - Edin. 1803.

Berthollet, obfervations eudiometriques par

Ann. de Chim. torn. 34me.

fur les lois de 1'afBnite, Do. torn. 36 me.

Blumenbachii Inft. Phyfiol. - Gottin. 17Q8.
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Burdin's courfe of Medical Studies, 3 vols. Lond. 1803.
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Cavallo's elements of Natural Philofophy, 4

vols
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on factitious Airs, s - . Lond. 1798.

Chaptals
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Chaptal's Cheraiftry by Nicholfon, 3 vols. - Lond. 1791.
Chemical Experiments and Opinions, ex-
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century, - - - - - Oxf 1790.

Chefelden's Anatomy, (8th ed.) - - Load. 1763.
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Crawford on Animal Heat, (2d ed.) - Lond. 1788.
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Seguin fur la Refpiration, Ann. de Chim. torn. 5 me.

Do. torn. 21 me.

Skey de materia combuftibili fanguinis, - Edin. 1798.
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